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CHILDREN'S AUDIOGRAMS IN RELATION TO READING 
ATTAINMENT: 11. ANALYSIS AND 
INTERPRETATION* 

Department of Education, University of North Carolina 


Sibyl Henry 


Certain limitations should be kept in mind throughout this report. Only 
elementary school children participated in the study, and therefore the group 
was more homogeneous in age than the general school population. The study 
attempted to measure only one type of hearing ability, acuity, and certainly 
there are several other abilities with which the auditory field is concerned. 
Acuity was determined for 10 specific tones, and research may prove other 
tones of equal or greater importance for hearing speech sounds. Moreover, 
the sensory responses in the modality of hearing, directly dependent as they 
are upon the physical pressure of sound waves, may have slight relationship 
to the ability to translate the sensations of sound into meaning. Further, 
neither audiometer tests nor reading tests yield precise-unit measurements, 
and consequently their values are reliable only within limits. All interpreta¬ 
tions, therefore, should be made in the light of the specific materials and 
methods employed, 

A. Audiometric Data 

There are several methods in use for evaluating per cent hearing loss. 
Carter (14) reviews 11 methods in current use. Also there are several 
formulae used for evaluating, from audiometric graphs, the per cent of 
hearing adequate for speech sounds, all of which. Carter says, are roughly 
empirical. The method which seems to be the most generally used is the 
Western Electric Method (99 and 105). The sum of the losses in decibels 
for the 512, 1024, and 2048 tones is multiplied by .266 for the per cent 
hearing loss. If frequency 2896 is included in the audiometric range, loss 
at this frequency is included in the calculations. Per cent loss is recorded 
separately for the left and right ears. Justification for determining hearing 
loss by this method is evidence tliat frequencies above 2000 level are con¬ 
sidered secondary in importance to the frequencies below this level for hearing 
speed! sounds. Still other methods (36) include the 4,000 frequency in 
computing per cent loss. At least one writer (105). believing thaLthe-higher 

*Received in the Editorial nn .Ttinr^, I’llfi' C'*• ^ ^ I 
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frequencies are also imp<»rranr f<»r oriclrrsunilins; sounds ofirr^ dif¬ 

ferent formulae for [jeterminine aJ«i«)ate hearing. Ur hrSsrvr^ tlut iHp high 
frequencies carry the cmotionai, symlmlif. aiu! intelljvtual an<l 

offers formulae in which al the liitili frcqiirixir^. are given H««r wright 
in the calculation of the per ct-m than arc given the l«»vv frnjnrjKiV* f..r 
subjects who wislt to know their capariiy for tooiphle hearing. 

For this study neither viewjKiiiit wa^ atTepsrd as final. If fminriuirs 
below and incluUinn the 2.000 luc adequate for the srsterptrf.itiim ni nimtiIi, 
then it follows that hearing within this range is adestuate ftsf ntt.ainniriu 
in reading if there Is an inter-relation between hearing jho! fe.uljiii; attain¬ 
ment. On the other hand, if acuity for hearing the higher fiequrnchs is 
important for making fine distinctions in speech wiunds it would hdlow 
that hearing for these fretiuencics i* of iniportance for Irarning rrai! - 
assuming again that a rclationsliip exists between hearing .kiiiiy and reaiiiiig 
progress. 

Neither is there agreement as to the relative iniportance of binaural and 
monaural hearing for tlie interpretation of speech. It i'-' freiiueritlv a^sufirni 
that monaural iiearing, if the matter of localiz,aiinn of wund is dj‘*rrj:ar<li‘d. 
is little less efficient than binaural hearing; and ih«» hr;»rjiig at oTfain 
frequencies in one car is compensated for by the other car prtn iding hi-*- for 
the same frequencies does nut occur. C)lalogi!<(s differ in ihrli r^iiincstcs ol 
the efficiency of one good ear as compared to two gi»nii c.ir» frtoii 'i to >n 
per cent (14, p. 881). There docs not seem t»j hr enough «; 4 m'mrr)t or 
scientific evidence to warrant taking the better car dcipninncd bv pi'r- 
centage loss as the index to the child's hearing ability, or to warriuii a iniii- 
positc audiogram made up of better hearing at each frcijtiericy Mkcri from 
the audiograms of both ears as the index. 

In addition to the lack of standardisation as to how t« cnmimtc tbr 
amount of hearing loss, the dividing line between the normal hearing and 
the hard of hearing cannot be finely drawn. The definition of flic lianl 
of hearing set forth a few years ago by the Conference of Kxrcutives of 
American Schools for the Deaf is “those in whom the sense (pf hearing, al¬ 
though defective, is functional with or without a hearing aid." 'I'liis defini¬ 
tion is useful in distinguishing hard of hearing and deaf—the deaf heini: 
defined by the conference as “those In whom the sense of Iiearing i-r tuuv 
functional for the ordinary purposes of life" (8, p. 12+); Init it is (if liiiU* 
value in distinguishing the normal from the liard of hearing. Ueluw what 
decibel value or per cent hearing loss should the child be classified as having 
defective hearing? Conversely, above what level should he be classified as 
normal? A definite answer to the question lacks scientific formulation. 




TABLE 1 

Meak Dec[bel Loss for Left and Right Ears, Male and Female, and Total Population 

Left ear Right ear Left ear ’ Right ear 


SIBYL HENTRY 



Tone 2048 Tone 11^84 

Male 6.29 ±6.94 5.35 ±6.60 14.72 ±11,66 14.86 ±13.00 

Female 5.87 ±7.74 6.28 ±8.57 11.07 ±12.11 11.25 ±10.84 

Total 6.08 ±7.35 5.82 ±7.67 12.89 ±12.03 13.05 ±12.12 
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Lacking standard lf«it dftfftviic.r;,;; and ?■'. •dn.HV.ns.’ Iih* 

the first steps undertakm in thi* ‘trsidv wrrr i;> drusnnnr ntr-srs hr;s?)n;j loss 
for each frequency and ear. and ksf rai ver'-is-. yijrjif 

car scorw and for the tc^l versus rr-te*i Here-, Tj^lir 1 thr rtsran dfiibel 

loss for each ear at each fmiumi s f«<? nMl !o» d. ’I'his 

information studied jiraphically ^h<m^ tin! shr f«n fSn' If)* .md 

right cars for the lalal pnpubtMm 4n.« thf*.*" M.«lcJ<r}! ;)n.i 

car means show a rather steady drerra*^' in *njn, it»*3o jSii h,w nj ihr hiyli 
tones with the exception uf the 2WH nnsi'. IsjcrraM'd tsr!«- j' sr.dlrlsng 

acuity at the lowest tunes is marked and Sudd* i«r both r^n. Fnn.»h‘ ieif 
and right ears have, verj* similar toniuur’^. l■'^J^;'l)r Sht ?!)<- Mji;ir;ac 

ears differ from the male in the four highest rieijurndei. 1'h»* duytr m 5 rhp 

decline for females is interrupted hecinntrig wj?fs the 2SHH fjeipjrn^v; 3«r*?es 
at 2848, 4096, and 5792 are enmparaWe, thru dr«!ps at the and 11 ihuu anti 
frequencies. 

Table 2 gives the mean iossei^ for left and ri^ht eat'k aunSoned inf in.iles 
and female, ahw standard dcvisitimis and critics! Knjs.ih-s in the 

study hear tones 4096, 5792, Ri92, and 'rlrddi ht-ner f!}** lii.slrs 

Femsile scores are reliably morn ^.’^^i.llll^' ih,jn mali* .xirs im JJr 2ri4H -rMUc: 


TAHI-K ^ 

Malb ano Femalv Mkas Dsctius. 1/*^ joi« { jm Kas!^ roAnusru 



;V 

Miisri 

.SfJ 

Mrau 

Sll 

Mate 

Female 

CR 

286 

288 

T'‘He 

S.ii 

S.8^ 

.J9 

/«: »'• 

»j.?9 

± AS 

Imtir V 

I>.12 

«,9i 

l.lf, 

'«JV 

•! 7.i.i 

► J.SI 

Male 

Female 

CR 

286 

288 

Ttnc 

8.(11 

8.61 

.9(1 

Sli 

i-7.f.s 

:? 

9,27 

UiU 

1.49 

* 7 S7 
.! '<.14 

• l.’S 

Male 

Female 

CR 

286 

288 

Tone 

S.82 

S.38 

.71 

:oH 

•Jr <1.7’! 

*8.17 

±J.l5 

r«rtr J 

9,o» 

S.fis. 

M2 

•t 41 

•.*r .n 

Male 

Female 

CR 

286 

288 

Tone 4nWi 

9-97 rtlo.vri 

7A(J H.Ifl 

3'II6 It: S.ti2 

Tone < 

li.m 

i.Sb 

4,7<. 

rw.’ 

■ 9.S( 
l.iK 

Male 

Female 

CR 

286 

288 

Tone Siv^ 

13.64 Arl2.02 

I0'66 *Jsin.6l 

3.14 Hh 2.04 

Tune //.fv/ 
H.79 :;tl2.JS 

11.16 r+:ll,49 

3.64 * 1,22 
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and the male scores are reliably more variable than the female scores on the 
4096 and 5792 tones. 

Data from a similar study were not at hand with which to compare the 
results of this study. However, lacking a better basis for comparison, the 
data were studied in relation to those collected in the National Health Survey 
(79) for the “under 15" aye group of normal hearers.^ Losses on only 
seven tones were available for comparison. Table 3 gives these comparisons. 
It is of interest to note that contours of loss for the two groups follow the 
same general pattern for all tones except the 1024. 

TABLE 3 


The Present Study Comtared with the National. Health Survey, Combined Lept 
AND Right Ear Losses for Male and Female 




Male 



Female 


N 

Mean 

SV 

N 

Mean 

SD 




Tone 128 



Health survey 

1072 

+.3 

±6.7 

1036 

4.8 

±6.6 

Present study 

2iC 

S.6 

±6.9 

288 

5.9 

±6.8 

CR 


3.1 

± .71 


2.5 

± ,59 




Tone 256 



Health survey 

1072 

8.2 

±6.3 

1036 

8.5 

±6.7 

Present study 

286 

6.1 

±6.9 

288 

6.9 

±7.7 

CR 


4.9 

±1.8 


3.3 

±2.8 




Tone 512 



Health survey 

1072 

7.6 

±6.7 

1036 

7.9 

. ±6.9 

Present study 

286 

8.0 

±7.7 

288 

8.6 

±8.5 

CR 


.86 

±2.8 


1.4 

±4.1 




To7ie 1024 



Health survey 

1072 

1.8 

±6.6 

1036 

1.2 

±6.7 

Present study 

286 

9.3 

±7.6 

288 

10.2 

• ±8.1 

CR 


15.9 

±2.8 


18. 

±3.9 




Totte 

2048 



Health survey 

1072 

.8 

±7.3 

1036 

.7 

±7.1 

Present study 

286 

5.8 

±6.8 

288 

5.38 

±8.2 

CR 


12 . 

±1.6 


10 . 

±2.9 




Tone 

4096 



Health survey 

1072 

8.3 

±11.4 

1036 

5.6 

±8.6 

Present study 

286 

10.0 

±11.0 

288 

7.5 

±8.1 

CR 


2.5 

± .85 


3.7 

±1.3 




Tone 8192 



Health survey 

1072 

11.0 

±13.6 

1036 

7.1 

±11.0 

Present study 

286 

13.6 

±12.0 

288 

10.7 

±10.7 

CR 


3.5 

± 2.7 


5.3 

± .69 


‘Normal hearers in the surveys were defined as the group reporting no noticeable 
defect and no known defect among members of their families. 




Mean Ic««cs at tW 128, 1024. 2CHH. HTl! fsnjjsrrs*wetr rrliiibly 
greater for boys tn the prrMriit s-tudy ih.im m sUr N;j<arsn;il Ssirvpy, 

and reliably le&s at the 2*^6 Irnpifncy. CiirK jn sW >Uulv li.«4 Ti'^ahly 

more loss than girls in llie Hwith 5nrvry she 1024, 204H, 20*!f6. and 
8192 tones, and reliably Ic^s nn thr 2^6. F'^r nn tMtir dsd b«(4A' Mrurtrs 
show a difference in variability as rrlublr- a* ^ ( hrli in she 

Health Survey, however, were jdi-ibK viirhfbk th,sn >4 tbr prk 
in the present study lor the 512 and 1024 r.mf.. Apj'^rrniK tW ,imnjusi nf 
variation in hearing acuity for children ub»» ;i3e cli-i-sSied a-> n'^rntnl hrijrers 
is almost as great as it k for an unwiected fd childfrjs. 

Certain speculations arise from bsith »d andimnrfrit' d,s»;?, K nonual 
hearing, the 0 level, as established on the td noin^al iidnlt tmj 
high a reference level for determining childmitk acuity. r^yrei-sUy b»r the 
high frequencies? The high frefiHcncks are sisrf^'M'd f‘« rc*|4i3fr cb»‘*r 
concentration for success than the lt>\v, and tlii** tjuitc Ingkallv rnighr create 
an apparent rather than real loss. A turthrr rr;«‘«im f^r «iur«ti3uniin; the 
suitability of the accepted norms as a bask for clrrcrusiniisg nnntJ.d Im.iring 
for children is the fact that scriom aura! di»ea’»cs have tbrit bigbr-^i incidmve 
during childhood and the hearing inipulrmcnis ncctunpanving them in.iy r*»n- 
tribute materially toward raising the stiimdus ihrr«fi<dd* alurtc shnsr M the 
normal adult. 

Why tone 2048 should be keener than other ujjir‘4, in the crinral t«nr 
range in both sets of data is problematic, certainly, in atlditiiui ti* ibr keen¬ 
ness of the 20+8 tone the Health Survey found acuirv for she 1024 tone 
approaching that of the 2048 among the normal hrarers. tiialc and fem.de, 
for each decade of life. For the groups reporting certain ni impair¬ 

ment—conversation, auditorium speeches, telephone, ptc.-- there not tlii' 
relative keenness for either tone. This fact suggests that lov^ at tlii'^e fre- 
quencies caused the individual to be aware of a loss in hearing acuity. 'Flii'i 
explanation seems logical since the fretiuencics in this region are in the heart 
of the speech range and are also in the reghin to which the e.ir is the iiui-t 
sensitive. The present study found hearing for the 21)48 lone keener than bir 
the surrounding tones but did not find the relative keenness for the 11124 
tone.® Perhaps keenness for 1024 tone found in the Health Survey was 
incidental to the 2048 keenness. Perhaps differences in intensity cotutul nf 
the one tone in the instruments might account for tlie tliscrepimcy -.iiice the 


j'® establUhiag normal hearing hi the UeaUb Jiiirvry rrtuirir.J n» 
noticeable difficulty, and subsequent otologicol examitiailons *luiived no ra»hid..Kv. 
s atistical comparison of loss on the two tones was not made, however. 
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greatest departure in the two studies is found liere. Or perhaps some per¬ 
sistent extraneous sound of a frequency near the 1024 tone, such as reported 
by Kobrak (59), masked the tone consistently during the testing for this 
study. All are possibilities. 

No attempt is made in this study to indicate a dividing line between 
normal and impaired hearing. The mean loss and the amount of variation 
for the 10 frequency scores have been incorporated in the report mainly for 
the purpose of calling attention to the similarity of the losses found by the 
Health Survey for a selected group of children tested in a sound-insulated 
booth and those found for an unselccted group tested in a “quiet room’’; 
also to raise specifically the question of the adequacy of existing norms for 
determining hearing loss for children; and further, to furijish other investi¬ 
gators with more detailed information regarding children’s hearing abilities 
than is available at the present. 

Table 4 gives the correlation coefficients^ for the left ear versus the right 


TABLE 4 

Correlation Coefficients for Left Ear Versus Right Ear, First Test, N = Z 9 S 


Tone 

r 

PE 

Tone 

r 

PE 

128 


±.036 

2896 

.484 

±.030 

2S6 

.487 




±.029 

S12 


±.029 

5792 

.542 

±.028 


.460 


8192 

.557 

±.027 


.584 

±.026 

11,584 

.5+8 

±,027 


ear for the first test. The correlations show a positive relationship for every 
tone, with probable errors denoting a highly significant relationship. The 
correlations are probably as high as one would expect to find for the two 
ears, but they certainly are not high enough to warrant using the loss scores 
for one car alone as an adequate measure lor assigning hearing losses. 

Table 5 gives the correlations and reliability coefficients, computed by the 
Spearman Brown formula,^ for the test and retest scores. The degree of 
relationship between the test and retest for the two ears and the degree of 
reliability for the individual tone tests, with the added weight of the pre¬ 
liminary analysis which showed a decreased efficiency on the second test, 
seemed to justify the use of the first test alone as the basis for further study 
of hearing acuity. 

The decision to use only one test narrowed the field of investigation con- 


*A11 correlation coefficients given in the paper were computed by the Pearson 
Product moment formula. 

'The reliability coefficient indicates the degree to which an average of two readings 
could be duplicated on a retest. 
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TABLE 5 



Correlations Between TK.sr 

AND Retest, I.ei t and Ruair 

Ears 




262 


Right ear A’=‘ 

262 




Coefiicieut 



CuelHcicnt 




of 



of 

Tone 


r 

reliability 

Tunc 

r 

rt'lialiilily 

128 


.581 

.735 

128 

.564 

.721 

256 


.654 

.791 

256 

.636 

.778 

512 


.641 

.781 

512 

.664 

.798 

1024 


.592 

.744 

1024 

.610 

,758 

2043 


.677 

.807 

2048 

.670 

.802 

2896 


,726 

.841 

2896 

.683 

.812 

4096 


.800 

.889 

4096 

.705 

.827 

5792 


.797 

.887 

5792 

.778 

.875 

8192 


.788 

.881 

8192 

.781 

.877 

11,584 


.845 

.916 

11,584 

.820 

.901 

sidcrably, 

but the data still involved 5900 tone tests. So a factor analysis” 

of one ear was undertaken to discover if there 

were tonc.s 

that could be 

eliminated from the data without destroying any of the original significance.’ 

Thurstone’s centroid method (51, i 

ch. XIV) was applied to the intercorre- 

lacion of the 

10 scores for the left 

car to obtain 

a factor matrix. Table 6 




TABLE 6 





INTKRCORRELATION OF 10 TONES FOR 

Left Ear 


Tone 

128 

256 

512 1024 

2043 2896 

4096 5792 

8192 11,584 

128 


.740 

.506 .472 

.406 .390 

.325 .225 

.346 .317 

256 

.740 


.656 .590 

.462 .416 

.355 .352 

.392 .355 

512 

.506 

.656 

.642 

.428 .349 

.343 .394 

.448 .359 

1024 

.472 

.590 

.642 

.567 .468 

.413 .410 

.479 .364 

2048 

.406 

.462 

.428 .567 

.684 

.562 .469 

.433 ,299 

2896 

,390 

.416 

.349 .468 

.684 

.653 .511 

.474 .300 

4096 

.325 

.355 

.343 .413 

.562 .653 

.676 

.506 .398 

5792 

.225 

.352 

.394 .410 

.469 .511 

.676 

.672 .521 

8192 

.346 

.394 

.448 .479 

.433 .474 

.506 .672 

.659 

11,584 

.317 

.355 

.359 .364 

.299 .300 

.398 .521 

.659 


"Dr. R. J. Wherry of the Department of Psychology, University of North Carolina, 
did the factor analysis. 

Tactor analysis has been employed to treat various auditory functions. One 
investigator factored the scores made on a battery of 10 music tests. The battery 
included the usual types of tests for musical ability, as pitch discrimination, tonal 
memory, intensity, consonance, etc. He found three factors which he called iC7isilivUy, 
mempry, and reUniivity (56), Later the same investigator reported a factor analysis 
of hearing acuity as related to complex social situations. Auditory acuity was deter¬ 
mined by an audiometer. Auditory behavior in complex social situations was tested 
by using several masking techniques as buxzers and simultanccnis voice sounds while 
the subject was trying to listen to speech; also by introducing defects into the 
articulation of the vocal sound itself, as changing rate.s of speech, and too rapid 
sequence,of sounds. He concluded from the analysis that the “conventional auditory 
tests have little predictive value for the auditory behavior in more complex social 
situations for normally hearing subjects” (57), 
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the mtercorrelaticn of the 10 scores. The highest intercorrelation 
coefficient in each column of the intercorrelation table was placed in the 
.gonal as the assumed communality. Signs were reflected before the re¬ 
moval of each factor m order that the sum of each column should exceed 
e value of its diagonal entry. Three factors were removed from the matrix 

a time New' Td' factors at 

a t me New loadings were computed after each rotation. The unrotated 

actor loadings are shown in Table 7. The final loadings after three roll- 
tions are shown in Table 8. 


128 

256 

512 

1024 

2048 

2896 

4096 

5792 

8192 

11,581 


TABLE 7 

Unrotated Factor Loadings 


I 

II 

in 

.64 

.73 

.69 

.73 

.72 

.71 

.70 

.70 

.73 

.61 

.. 1 1 1 1 

.20 

.08 

—.20 

—.09 

—.27 

—.38 

—.19 

.15 

.35 

.33 


128 

256 

512 

1024 

2048 

2896 

4096 

5792 

8192 

11,581 


TABLE 8 

Rotated Factor Loadings 


Low Medium 


.70 

.85 

.69 

.62 

.35 

.22 

.15 

.16 

.29 

.30 


.00 

.18 

.42 

.39 

.63 

.75 

.63 

.38 

.21 

.13 


High 


.17 

.17 

.05 

.21 

.23 

.29 

.46 

.71 

.78 

.64 


A low-tone a medium-tone, and a high-tcne factor are indicated by the 
analysis. Each factor indicates the operation of some systematically Lnc- 
loning cause or set of causes. To an extent the causes operating to produce 
the Aree vai tables occur independently of each other, although as is to be 
expected of measures of auditory acuity, with one exception none of the 
tones measuring^predominantly one of tlie three factors is entirely laclting in 
Cither of the other factor loadings. ^ 

The value of discovering the three most significant regions for evaluating 
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hearing loss is immediately apparent. Tones of significance in the low fre¬ 
quency region can be combined into a low tone variable; medium frequency 
and high frequency variables can be resolved in like manner, yielding a set 
of three variables more fundamental in nature than the original set of 
variables. 

This by no means should be interpreted to mean that audiometrte data 
can always be resolved into three significant factors. Factors' are influenced 
by many phenomena. Factors other than low, medium, and high-tone might 
be isolated if a different set of tones was used for the test, or a diflPerent 
method for designating threshold used, or if the sampling involved a dif¬ 
ferent age or economic group. It does mean that the hearing loss discovered 
in these particular data can be studied in low, medium, and high-tone 
categories. 

Factor scores for the three tone regions were arrived at by combining loss 
at the two lowest tones, 128 and 256, both cars, for a low-tone factor score; 
by combining the loss at 2048 and 2896 frequencic.s, both cars, for a medium- 
tone factor score; and by combining the loss at the 8,192 and 11,584 fre¬ 
quencies, both ears, for a high-tone factor score. The low-tone factor was 
arbitrarily called Factor /I, the medium tone Factor li, and the high tone 
Factor (7.® 

While the factor analysis was originally made only of the scores of one 
ear, the left one, the factor scores A, B, and C included the loss for the 
corresponding tones on the right ear. As was shown in Table 2 the correla¬ 
tions between left ear and right ear scores appeared too low to consider loss 
in one ear alone as the value for hearing acuity. In combining the losses for 
the two ears it was assumed that the factor pattern for the right car would 
approximate that for the left. The Reliability Coefficients for these three 
factor scores were found to be: Ay .91 ; By .92, and C, .93. 

A subsequent factor analysis of the right ear scores ^showed a low, a 
medium, and a high tone factor, as was assumed, althougli a one-tone shift 
in the medium-tone factor. Tables 9, 10, 11 show the intercorrelations of 
the 10 tones, the unrotated factor loadings, and the rotated factor loadings 
for the right ear scores. 


*lt is of interest in this connection that an otologist recently, nn a result of hi.s 
own experience, calls attention to the fact that regression is linear for the 12>l, 
256, and 512 frequencies, and that acuity for any one will linve approximately the 
same value as the four combined; also that the 102+ and 2000 have compar.Tl)le 
predictive value; that above the 2000 frequency the correlation between pairs of 
tones is lower, dispersion greater, and regression more curvilinear. For these reasons 
he suggests the use of one tone in each of the 500 and 2000 frequency regions, and 
at least two above the 2048 cycle, for screening or clinical use (7). 
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TABLE 9 

Intercorrelations for Ten Tones for Richt'Ear 


Tone 

128 

256 

512 

1024 

2048 

2896 

4096 

5792 

8192 

11,584 

12S 


.720 

.625 

.568 

.597 

.523 

,477 

.294 

.406 

.360 

256 

,720 


.720 

.591 

.545 

.458 

.435 


.391 

.321 

512 

.625 

.720 


,648 

.623 

.519 

.505 

.339 

.415 


102 + 

.562 

.591 

.648 



.529 

.452 

.353 

.479 


2048 

.S97v 

.545 

.623 

.609 



.544 

.366 

.450 


2896 

.523 

.458 

.519 

.529 

.683 


.647 

.395 

.463 

.332 

4096 

,477 

,435 

.505 

.452 

.544 

.647 


.562 

.541 

.356 

5793 

.294 

.280 

.339 

.353 

.366 

.395 

.562 


.667 


8192 

.406 

,391 

.415 

.479 


.463 

.541 

.662 


.670 

11,584 

.360 

.321 



.292 

.332 

.356 

.560 

.670 



TABLE 10 

Unrotated FACroR Loadings 




Right ear 




1 

II 

III 


128 

.74 

—.30 

—.14 


256 

.73 

—.34 

—.27 


512 

.77 

—.30 

—.12 


1024 

.73 

—.24 

— 06 


2048 

.76 

—.26 

.24 


2896 

.73 

—.08 

.34 


4096 

.73 

.11 

—.32 


5792 

.63 

.50 

—.07 


8192 

.72 

.44 

.12 


11,581 

.59 

.43 

,27 


TABLE 11 

Rotated Factor Loadings 



Right ear 


% 

Low 

Medium 

High 

128 

.75 

.13 

.29 

256 

.78 

.00 

,32 

512 

.77 

.16 

.28 

1024 

.68 

.21 

.27 

2048 

.70 

.45 

.09 

2896 

.34 

,58 

.14 

4096 

.21 

.63 

.27 

5792 

.09 

,55 

.57 

8192 

.21 

.43 

.70 

11,581 

.14 

.25 

.74 


Table 12 gives the mean A, B, and C scores for male, female, and total 
population, together with the standard deviations. An examination of the 
mean and standard deviation dilferences foi’ Aj B., and C scores reveal the 
following: comparing A and B mean losses, there is 5.56 decibels greater 
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TABLE 12 



A, B, AND C Mean Loss 

FOR Male, Fe.\iai,e and Total 

Poi'Ut.ATION 


Male (A-=l+3) 

Female {N 

= 14+) 

Total (A'==287) 


Mean Ios.s SD 

Mean loss 

SD 

Mean SD 

A 

h 

c 

23.53 ±21.06 

30.77 ±23.63 

56.12 ±37.35 

25.63 

29,51 

+3.68 

±24.+2 

±28.57 

±37.81 

21.5H ±22.83 

30.1+ ±26.23 

+9.88 ±38.09 


loss at B than at A. The critical ratio*^ of the difFcrencea in favor of A loss 
being less than B loss is 2.71, well within Fisher’s 1 per cent limit; the 
critical ratio of the standard deviations in favor of A variability being less 
than B variabilit}’ is 2.34, within Fisher’s 5 per cent limit (51, ch. VIII) ; 
comparing A and C mean loss, the mean loss at C is 25.30 decibels greater 
than at A. There i.s «a virtual certainty that C loss will be greater than A 
loss (C/?=9.65) and that C scores will be more variable than A scores 
(CJ2=8.23); comparing B and C mean differences (19.74 decibels) there is 
again virtual certainty that C loss will always be greater tlian B loss 
{CR=7.2Z) and that C scores will be more variable than B scores 
(CJ?=6.14). 

Males hear low tones, A scores, better by 2.10 decibels than females; 
however, the CR is only .78, indicating that the slight superiority for males 
is probably due entirely to chance. There is less variation in the male A 
scores than in female A scores. The CR of 1.76, however, indicates little 
more than a chance difference. Females have better hearing than tlic males 
at the medium tones, Bj by 1.26 decibels; the CR is .41, showing that the 
difference is probably due to chance. B scores for males are an average of 
4.94 decibels less variable than females; the CR of 2.26 denotes reliability 
within the 5 per cent limit. Mean high-tone, C, loss is 12,44 decibels greater 
for males than females, with a CR of 2.80 which indicates that the difference 
could be due to chance less than 1 per cent of the time. The difference in 
variability at C for the two sexes is negligible. The CR of .15 indicates 
that the variability is pretty certain to be as great for one sex as the otlicr. 

Comparing the relative loss at low and medium tones, low and high tones, 
and medium and high tones for males and females: for males the mean 
difference between A and B scores shows more loss at B than A, with a CR 
of 2.73, well within the 1 per cent limit; B is more variable than A hut vin- 

*'CrUical ratio formula used: 

Mi — M, 
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reliably so (Ci?=1.37). Female mean loss at B is also greater than at A 
but less reliably so than the male difference {CR=\.2^ for females). Their 
variability at B as compared to A is greater, Ci?=1.87. Comparing loss 
at A in relation to Cj the mean loss for males is 32.59 decibels greater at C 
than at Aj CR=9.07, variability for C scores is greater than for A with a 
CR of 6.44. Female loss at C as compared to A has a greater mean loss by 
18.05 decibels, Ci2=4.81. Also their C scores are more variable than A, 
CR=5AS. Comparing B and C male scores, the mean hearing loss is 25.35 
decibels greater at C than 5, Ci?=6.86, and C scores arc more variable than 
B scores, CR=5.26. Female C scores are 14.17 decibels greater than their 
B scores, CR=3.5S] also there is more variability at C than at B with a 
CR of 3.31. 

Summarizing these tone and sex differences: There is virtual certainty 
that C loss will be greater and more variable than A ot B loss. There is 
not the same degree of certainty that B loss will be greater than A loss, 
although the mean difference approaches reliability (Ci^=2.71) as does the 
sigma difference (67i2=2.34). There is no reliable sex difference in low- 
tone or medium-tones scores; however, A and B scores are less variable among 
the boys {CR=1.76 and 2.26 respectively) than among the girls. The CR 
of 2.26 is within the 5 per cent limit. C scores show no difference in varia¬ 
bility for the sexes, but girls’ hearing is significantly better than boys' for Cj 
high tones, with a critical ratio of 2.80. 

The high incidence of high-tone loss in this study is in line with other 
recent studies. Traditionally, high-tone loss has been associated with ad¬ 
vancing age, but several studies within the past few years report “old-age 
audiograms” among young children (15 and 22). Also the superiority of 
female hearing for the high tones found in the present study has been re¬ 
ported several times and is pretty generally accepted (15, 11, and 72). 
Male superiority for hearing low tones, however, found by these investigators 
was not found in this study. This might be due to the fact than in the 
present investigation only two tones, the 128 and the 256, were designated 
as the low tones while other reports have considered all of the fones below 
2,000 as low tones. From the point of view adopted in this study—that the 
128 and the 256 arc the significant tones—it is concluded that for the popu¬ 
lation involved there is no reliable sex difference in acuity for low tones. 

Audiograms for three age groups were compared in an attempt to find 
if hearing loss differed according to age for the children in the particular 
population studied. The 5, 6, 7, and 8 year-olds, 67 in number, constituted 
the youngest group; the 9, 10, and 11 j'car-olds, 146 in number, the middle 
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group; and the 12 through 17 year-olds, 75 in number, the oldest group. 
Table 13 shows the mean decibel loss and variability for these three age 
levels. On the A and C scores the oldest have less mean loss than the young¬ 
est, but the differences are not significant; neither is the amount of varia¬ 
bility for cither tone region more than a chance difference for the two age 
levels. For B tones the oldest group has slightly more loss tlian tlie youngest 
and slightly less variability, but the differences are apparently due almost 
entirely to chance. The oldest females have more mean loss than the youngest 
females on the A and E tones, and less on the C tones, but these differences 
do not approach reliability, neither do the slight differences in variabilit}'. 
The A, B, and C loss is greater for the youngest males than for the oldest 
males, but the differences can be attributed to chance factors as can tlic 
amounts of variability. At the 6, 7, and 8 year level the males have more 
A, and C loss than females of the same age level, but the differences arc 
negligible. At the 12-17 year level females have more lo.s.s than the males 
for the A and B tones, and less for the C tone. In no instance is the mean 
or standard deviation difference significant for the oldest and youngest in 
the study. 

A rather intensive analysis was made of A, B, and C loss for the 9, 10, 
11 year-olds, thus eliminating botli extremes in age. It was found tliat 
the children of this age group hear slightly worse than tlie oldest group and 
slightly better than the youngest on the A and G tones, but the differences 
are not significant. On B tones they hear slightly worse than the youngest 
or the oldest. 

The relative differences in mean loss and variability for the boys in tlie 9, 
10, and 11 year group for high and /otu tones, middle and high tones, and 
middle and low tones is comparable in each instance to the differences for 
the total population of boys. Differences for the girls in this age level, 9, 10, 
and 11 year-olds, are comparable to the total girls on the relative A and B 
loss only; the total girls are reasonably certain to have more C loss tlian A 
loss (Ci?=4.81), and more C than B loss (C7?=3.5S); but it cannot be 
said with the same degree of certainty that the 9, 10, and 11 j^ear girls will 
have this relative C and A {GR 2.77) and G and B {CR 2.23) loss. For 
the total girls C is practically certain to be more variable than A or B 
{CR 5.45 and 3.31); but for the 9, 10, 11 year girls this degree of posi¬ 
tiveness is lacking. It is found that girls In this age group have better C 
hearing than boys, Cii of 2.88. This is a slightly luglier reliability than for 
the total male and female population. At B the mean difference for boys 
and girls in this age group is negligible. Girls have more variable B scores 



TABLE 13 

W, B, AND C Loss BY Ace Levels 

Male Female Total 
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than boys, Imt the CR is only 1.84. Tliis i.s a less reliable differcjice in 
variation than is shown for the total population of boys versus |i;irls 
[CR 2.26). The difference in A scores for boys and girls in this age group 
is negligible; however, the girls’ A scores are more variable than the boys' 
A scores, critical ratio of 2.87, while the critical ratio of the difference in 
variability for the total boys versus girls is only 1.76. 

The main points of interest in the audioinetric data tliat have been pre¬ 
sented in this section are: (a) children .show marked audiogram variability; 
(d) audiograms for many children follow those traditionally considered 
characteristic of advancing age; (r) there arc three fundamental tone areas— 
low tone, middle tone, and high tone; (d) there are highly significant dif¬ 
ferences between low-tone and high-tone loss and between middle-tone and 
high-tonc loss in both means and variability. There is virtual certainty that 
loss and variability will be greater for high tones than for cither low or 
middle tones; (e) there are no consistent sex or age differences when com¬ 
paring relative low and high, medium and high, and low and medium tone 
losses; (/) girls’ mean hearing for the high tones is reliably keener than that 
of the boys. 

B. Audiocrams and Reading Abilities 
1. Achievement Tesi Data 

For the purpose of studying audiograms of children with different levels 
of reading attainment as measured by achievement tests, the 287 children 
were divided into three reading attainment groups: below normal readers 
with reading quotients ranging from 52-89, 62 cases; normal readers with 
RQ’& ranging from 90-109, 127 cases; and above normal readers with 
ranging from 110-145, 98 cases. Table 14 shows the mean Jj B, and C loss 
and the standard deviations for the three reading groups. 


TABLE 14 

A> B, AND C Loss FOR THE PoORESr, THE AVERAGE, AND THE BeST HEADERS 



N 

A 

loss 

n 

loss 

C loss 

Mean 

SD 

Mean 


Mean 

sn 

52- 39 

62 

27.18 

±:31.25 

37.7+ 

±39.33 

64.35 

-*-44.35 

90-109 

127 

24.88 

±19.87 

30.0+ 

±20.87 

48.98 

■+-36.02 

110-145 

98 

21 ,8+ 

±18.3fi 

2 S.66 

±22,75 

40.71 

±32.55 


Hearing loss follows the same pattern for each of the three reading groups. 
The best readers are characterized by less loss at the low, middle, and high 
frequencies than either the normal or below normal readers. Normal readers 
have more loss than the superior readers, and less than the poorest. Varia- 


SIBYL HENRY 


19 


tions in scores for the best and normal readers is quite similar. Greater 
variation in score than for the normal or superior readers is marked for the 
below normal readers at each frequency. The difference in mean A loss is 
5.34 decibels greater for the poorest than for the best readers. The critical 
ratio (1.22) of this difference does not signify a reliable difference. The 
variability in the scores, however, is reliably less for the best readers. The 
critical ratio is 4.16 which indicates that the differences in variability on the 
low-tone scores for the best and poorest readers cannot be due to chance. 

The mean B score loss is 12.08 decibels greater for the poorest readers 
than for the best readers. The critical ratio of the difference is 2.20. This 
shows that the difference would not be due to chance over 5 per cent of 
the time and is therefore indicative of a slight difference although not great 
enough for assuming certainty that the poorest readers will always have more 
middle-tone loss than the best readers. It can be said with virtual certainty, 
however, that the poorest readers will vary more in B tone scores than the 
best readers. The CR of this difference is 4.26. 

The poorest readers average 23.65 decibels greater loss for high tones, C, 
than the superior readers. The CR of the difference is 3.62, a highly sig¬ 
nificant difference; therefore the lower G scores for the poorest readers is 
not due to chance. The difference in variation {CR of 2.56) for the two 
groups is not as highly reliable as the difference in means although it is 
well within the 5 per cent limit and certainly indicates a tendency for the 
best readers to be move homogeneous on high-tone scores than the poorest 
readers. 

This ostensible association between success in reading and high-tone acuity 
suggested that the relationship should be explored as far as the data per¬ 
mitted, hence several types of analyses were attempted. The first was a 
tabulation of the reading quotients for the children with the least G loss 
and those with the most C loss. There were 73 children whose total C score 
was not greater than 20 decibels. Since four frequency scores were combined 
for the C score this meant that no child in this group averaged more than 
a 5 decibel loss for each of the four frequency scores. This represents ex¬ 
tremely acute hearing for the high frequencies. There were 73 cases with 
C scores ranging from 70 to 260 decibels’^’ which, needless to say, represents 
scores for the children with the most C loss. Table 15 gives the mean hear¬ 
ing loss and mean reading quotients with standard deviations for these two 
groups. 

^"Seventy decibels at the 8192 frequency, and 60 decibels at the 11,58+ frequency 
ore the maximum intensity limits on the audiometer used. The one child, therefore, 
with C loss of 260 had no hearing for these tones as measured by the instrument. 
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TABLE 15 

Meak Loss and Mean Rbadini: QucmKNts for the Worst CjASd Best C Hearers 

Decibel loss Readi ng quoUenta 

c;’scores Mean SD Mean Sl> 

0- 20 Af=73 13.73 ± 6.30 108.30 ±15,40 

70-260 A^-73 103.08 ±32.21 97.68 ±17.60 

The difference in mean reading iiiujtients for these extremely good and 
extremely poor hearers is only 10.62 RQ points—in no wise proportionate to 
the mean difference in C scores—^but the critical ratio of the difference is 
3.80 which signifies that the difference that does exist is highly significant. 

In the 0-20 C group there are only 8 children, T per cent of tlie 73, 
whose RQ’s are below 90; there are 36 children, +9'' per cent, with 
110 or above. In the 70-260 group there are 25 children, or 3+* per cent, 
whose RQ^s are below 90; and 18, or 24* per cent, whose RO'a are 110 or 
above. The critical ratio of the difference in the per cents’^ of children in 
the best C score group with 7?{!?'s belovF 90 and those with RQ'» above 110 
is 7.04. The critical ratio of the different percentages of children in the 0-20 
group and 70-260 group that will attain above normal reading quotients is 
3.10. On the other hand the difference in percentages of children in the 
70-260 that will fall below normal in reading and above normal in reading 
is not statistically reliable. Apparently this might be interpreted to mean 
that for the child in 0-20 hearing group the chances are reliably better for 
him to be an excellent reader than a poor reader; that his chances of being 
an excellent reader are reliably better than are the chances of a child in the 
70-260 group. However, for the child in the 70-260 hearing group the 
chances for him to attain excellent reading arc approximately equal to the 
chances for him to fall below normal m reading. 

Reasons for totaling loss for both ears for the final low, medium, and 
high-tone scores were given, earlier in the paper: the discrepancy in opinions 
and the lack of evidence as to the relative importance of monaural and 
binaural hearing and inadequate knowledge as to what extent good hearing 
at one frequency in one ear can compensate for loss at that frequency in tlie 
other ear. There is a bit of recent evidence to support the idea that pitch 
may be a function of binaural interaction (97). There is also the opinion 
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that binaural fitting of hearing aids is more satisfactory than monaural 
fitting (6). There is also a slight amount of indication that learning may 
be associated with binaural hearing: Madden (65) found more retardation 
among children with only one good ear than among children with two good 
ears. It logically follows that binaural hearing may influence success in 
reading. The problem was approached in the present study by studying “best 
spots” and "worst spots” at G in relation to reading quotient. It will be 
remembered that four scores were summed for the C score. The "worst 
spot” would be that score of the four for either left or right ear or for either 
the 8192 or 11,584 tone, that had the largest numerical value. In like 
manner, the “best spot” was represented by the score of the four that had 
the least numerical value. 

There were 92 children with a “worst spot” at C not greater than 10 
decibels. Their "worst spots” ranged from 0 to 10. There were 67 children 
whose "worst spot” scores ranged from 30 to 70. Reading quotient means 
were computed for these two groups having such extremes in “worst spot” 
scores. Table 16 shows the results. 


TABLE 16 

Mean Reading Quotients for Children with the Best and the Poorest "Worst 

Spot" C Scores 


'Worst spot” 




(Decibel) 


Mean RQ 

SD 

0-10 



±16.92 

30-70 



±17.42 


Again, the mean differences in reading quotients is not in proportion to 
the difference in “worst spot” scores. The difference of 9.35 RQ points, 
however, is a statistically significant difference. The critical ratio is 3.38, 
and indicates that children having only a slight amount of loss at either 
high tone for either ear will have higher RQ's than will children having a 
great deal of loss at either of the tones for either ear. 

Table 17 shows the mean "worst spot” at C for the lowest and highest 
reading groups. Table 18 shows the mean "best spot” for the same groups. 


TABLE 17 

Mean "Worst Spot" Loss at C for the Poorest and Best Readers 




Mean 

decibel loss 

SD 

52- 89 



±14-.16 

HO-US 



±11.88 
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TAHI.K 18 


RQ's 


Mean 
cIcTilicI lo'.S 

RT) 

S2- 89 

110-145 

A’--r .2 

AFia::t9Sj 

8.51 

4.'?9 

± (..in 


The difference in mean ‘'worst spot” loss for the poorest rc:ulc*rs is 8.22 
decibels greater than for the best readers, 'flic CR of tlie difference is 
indicating that among the poorest readers the “w'orst .spot” at 6’ is reliably 
worse than the “worst spot” among the best readers. 

The mean “best spot” score for the poorest readers is 3.72 aeeil)els greater 
than for the best readers. The critical ratio is 2.5i which is well within'tlie 
5 per cent reliability, but too low to conclude with certainty that the "best 
spot” at C will always differentiate be.st and poorest readers. These tabu¬ 
lations of 'Vorst spot” and “best spot” lead ttj the coriclusion tliat tlie 
worst spot” bears a closer relationship to reading attainment than does 
the best spot.” This in turn leads one to doubt that unilateral or bilateral 
tone loss is functionally compensated for to an apprecialde extent. A reason 
for this apparent lack of compensation is. of necessity, mereh' speculative 
Plowever, since many of the speech .sounds which require Idgh-frecjuency 
acmty oi complete hearing carry so little pressure power there is tlie possi¬ 
bility diat keen hearing, in both cars and tlirouglmut the high-frequency 
range involved, is of importance for fine discriminations. 

These reliable differences between reading attainment for children having 
keen hearing for the high tones and children having very poor hearing for 
the high tones, and the reliable differences in high tone hearing for the 
poorest readers and best readers, led to a comparison of the normal reader 
C loss with that of the best and poorest readers. The mean C loss for 
normal readers, 90-110, is 8.25 decibels greater than mean C los's f" 
the best readers. The critical ratio of the difference is 1.81 which is too low 
to differentiate the average and best readers. The mean C score for the 

i=ad=is. The critical ratio is 2.36, which is not a liighly simificiint differ 
nec but according Fithcr'o fiducial limit, i. within I ..'"cr cent itit 

The tarir" of differentiation, 

read-Vat *= ^'l^ionnhip betwem l,igl.-,ono loss rind 

reading attainment score is indicated bv tbr fnri- »i, i • ■ 

C score and Pn (r. .1 the tact tluit the correlation between 

^ population is —.223±.057’“ with a critical 

“Standard deviation of r: 

vV—r 
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ratio of 3.94. While a correlation of —.223 of itself signifies only a slight 
relationship, the critical ratio indicates that the relationship that does exist 
is of statistical significance. 

B tone loss did not reliably differentiate the best and poorest readers. The 
critical ratio of 2.20 (5 per cent limit) for the mean decibel difference does, 
however, indicate a trend toward a relationship. For this reason the mean 
“worst” and “best” B spots were computed for the lowest and highest RQ 
groups. Tables 19 and 20 give the results. 


I'ABLE 19 

Mean “Worst Spot” Loss at B for Best and Poorest Readers 


RQ 


Mean 
decibel los.s 

SD 

52- 89 



±12,65 

110-145 



± 7.22 



TABLE 20 


Mean 

“Best Spot” Loss at B for Best and Poorest Readers 



Mean 


RQ 


decibel loss 

SD 

52- 89 

A’=62 

4.11 

±s.so 

110-145 

A'~98 

2.60 

±3.96 


The mean decibel difference for B “worst spot” scores for the best and 
poorest readers is 3.95, CR of 2.34. This is well within the 5 per cent 
limit, but not high enough for assurity that the “worst spot” for the poorest 
readers will always show a greater loss than for the best readers. 

The mean decibel difference for the “best spot” at B for the best and 
poorest readers is 1.51 with a critical ratio of 1.31. This difference is too 
slight to be of predicative value. As with C scores the “worst spot” at B 
is apparently more closely associated with reading attainment than is the 
“best spot.” 

This tendency toward an association between middle-tone loss and reading 
attainment is borne out by the correlation of B scores versus RQ's for the 
total population. The coefficient of correlation is —0.200it.057,^^ and the 
critical ratio is 3.50. The high CR denotes that the slight relationship that 
exists is real. Comparisons of extreme reading cases however failed as did 
the .“worst spot” tabulation to find B loss significantly differentiating the 
best and poorest readers. 

Differences in A scores for the lowest and highest reading groups are 


“Standard deviation of r. 
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apparently due to chance. Tlie correlation between A scores and RQ hr 
the entire population beats this out. The correlation is —.09.3^.059 with 
a critical ratio of 1.60. 

Summarizing the findings relative to high, middle, and low-tone loss in 
relation to reading attainment; there seemingly is only a chance association 
between low tone, A. loss and reading attainment. Middle tone, B loss 
bears more relationship to reading attainment than does A loss, but tiie 
differences in middle-tone scores are indicative rather than positive. High 
tone, C loss, has a statistically reliable association with reading attainment. 
Reading quotients are higher for best hearers than for poorest hearers; also 
high-tone loss is greater for poorest readers than for best readers. The as.so- 
ciatlon between high-tone loss and reading attainment is consistent, if slight, 
for the entire population. C loss for normal readers is more nearly compara¬ 
ble with C loss for superior readers than it is with C loss for poorest readers. 

The poorest readers are reliably more variable in low-tone and middle- 
tone scores than are the best readers; their variability for high-time scores 
is indicative rather than positive. TJiere is a closer relationship between 
“worst spot” and reading attainment than between “best .spot” and reading 
attainment, suggesting that good bilateral as well as good unilateral hearing 
accompanies success in reading. This relationship js more reliable for the 
high tones than it is for the middle tones. 

Since the audiometric data showed that males had more higli-tone loss tlian 
females, reading quotients were studied for possible .sex differences relating 
to high-tone scores. Of the 98 children in the highc.st reading group (Table 
14) 70 are girls and 28 are boys. The girls' mean C .score is 15,50 decibcKs 
better than the boys’ scores with a critical ratio of 2.06, which is within 
the 5 per cent limit and indicative of some difference in liigh tone loss for 
the sexes in the best reading group. Of the poorest readers (RQ 52-89). 
46 of the 62 children are boys. The mean C loss for the girls in this group 
is 11.40 decibels greater than for the boys in the group, but the critical ratio 
suggests that the difference is due to chance. 

The percentages of males and females in the poorest, average, and best 
reading groups are shown in Table 21. 

TABLE 21 

Per Cbuts of Males and Females in the Poorest, .Average and Best Reasuno Groui’S 


RO's 


Male 



Female 



N 

Per cent 

SD 

N 

Percent 

SD 

Cft 

52- 89 

46 

74.20 

±5.56 

16 

25.80 

±5.56 

6.16 

90-109 

69 

S+.33 


58 

45.67 



110-145 

28 

28.57 

±4.56 

70 

71.43 

±4:56 

6.64 
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The differences in per cents for best and poorest readers are reliably in 
favor of more girls than boys being in the best reading group (CR 6.64); 
and of more boys than girls being in the poorest reading group {GR 6.16). 
Chances are also reliably in favor of a greater per cent of boys being in the 
lowest reading group than are in the highest reading group (CR 6.35); 
and of more girls being in the highest reading group than are in the lowest 
• group (CR 6.35). 

Table 15 presented mean reading quotients for the best and poorest C 
hearers. While the mean differences in RQ points for the two groups was 
not large, the critical ratio of the differences, 3,80, indicated a highly reliable 
relationship between reading achievement and high-tone acuity. Of the 73 
keenest hearers 25 are males and 48 are females. In the group of poorest 
hearers the numbers are reversed, with 25 females and 48 males. Table 22 


TABLE 22 

Per Cents of Males and Females in Best and Poorest C Hearing Groups 


C loss 

Per Cent 
male 

SD 

Per cent 
female 

SD 

CR 

0- 20 

34.2+ 

±5.55 

65.76 

±5.55 

4.01 

70-260 

65.76 

±5.55 

34.24 

±5.55 

4.01 


gives the percentages of males and females in the two groups. The high 
critical ratios show virtual certainty that larger per cents of girls than of 
boys will have keen C hearing, and that larger per cents of boys than of 
girls will have poor C hearing. 

Table 16 presented mean reading quotients for children with worst spots 
at C from 0-10 and mean reading quotients for those with worst sports at C 
from 30-70. Again difference In mean RQ*s was not large for the two 
groups, but the difference was highly reliable, CR 3.38. Comparing the 
per Cents of males and females having ‘'worst spots” at C from 0-10 with 
those having “worst spots” from 30-70, again there is a highly reliable 
difference between the percentages of boys and girls in the 0-10 and 30-70 
group. In the 0-10 group, 35,87±5.00 per cent are boys; in the 30-70 group 
70.15±5.59 per cent are boys. The critical ratio of the per cent difference 
is 4.57. The chances are significantly in favor of a higher per cent of girls 
having “worst spots” from 0-10 than from 30-70; and for a higher per cent 
of girls than, boys being in the 0-10 group, and a lower per cent of girls 
than boys being in the 30-70 group. 

These comparisons of reading attainment in relation to high-tone hearing 
abilities for boys and girls indicate rather conclusively that the boys account 
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for more of the extreme hearinj; loss tliati j»ir!s, and that the boys account 
for more of the below-avcrane rcadiiiK scores t)mn Kiris j while the Kith' 
hearing scores account for more of the acute C scores and for more of the 
good reading scores. 

Summarizing the differences between high-tnne loss and rcadiiiK attainment 
relative to sex: in the above-average reading group the difference between 
the high-tone scores for boys versus girls is iiuHcativc rather than alisolutely 
certain. In the poorest reading group tliore is nut a real difference between 
C scores for boys and girls. Comparing the percentages of males and females 
in the extreme readings groups, there is a reliably greater per cent of boys 

than girls in the worst reading group, and a reliably greater per cent of 

girls than boys in the best reading group, and a reliably greater per cent of 

girls than boys in the best reading group. Comparing the per cents of Ixiys 

and girls in the groups of most C loss, 70-260, and least C loss, 0-10, there 
is a reliably higher per cent of girls in the O-IO group than in the 70-260 
group; and a reliubiy higher per cent of boys in 70-260 than in the 0-10 
groups; also there is a significantly higher per cent of girls than boys in the 
0-10, and significantly higher per cent of boys tliaii girls in the 70-260. 
When percentages of boys and girls arc computed fur the extreme (1 “worst 
spots,” that is, 0-10 and 30-70, a reliably higher per cent of males arc found 
in the 30-70 than in the 0-lQ; also a reliably greater per cent uf females 
than males arc found in the 0-10, and a reliably greater per cent of males 
than females in the 30-70 group. 

The case for high tone association witii reading attainnwnt seems .some¬ 
what strengthened by this analysis. Girls’ liearlng for high tones is better 
than boys' hearing for high tones, and there is a relatumslup between high- 
tone loss and reading attainment; more boys arc in tlie poorest hearing group 
and in the poorest reading group while more girls arc in the best hearing and 
reading groups. In the best reading group there is not so significant a dif¬ 
ference in the mean C loss for boys and girls as there is in C hearing for 
boys versus girls iri the total population; and in the poorest reading group 
the difference in C scores for boys and girls is apparently due to chance. In 
the best reading group the boys’ hearing approaches the girls’ in acuity; and 
in the poorest reading group the girls' hearing is as bad as the boys' hearing. 

The statistically significant relationship that this study has sliowm to exist 
between hearing, especially at the high frciiucncics, and success in reading 
leads to much speculation. Certainly some clilldren with a great deal of 
high-tone loss achieve superior reading status; and some children with very 
acute hearing fail to progress in reading. Madden (65) found a correlation 
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of —.123±.029 between auditory loss and intelligence, although in his 
study high-tone loss was disregarded. He also found the correlation between 
auditory loss and achievement "clustering around zero when intelligence was 
held constant.” Definitely, intelligence must be one of the factors compen¬ 
sating for liearing impairment. 

On the other hand, it does not seem to be talcing unwarranted liberties 
with the findings of the present study to raise the question of a possible 
connection between high-tone loss and intelligence itself—as measured by 
tests. There is known to be a relation between intelligence quotient and 
reading achievement. Success on either test depends to a large extent upon 
language abilities and it cannot be denied that the development of various 
language abilities is closely associated with hearing. It is of interest to 
remember that Terman (96, p. 197), in his Genetic Studies of Genius, 
reports approximately 2j4 times as many children in the control group with 
hearing impairments as in the genius group and that Pintner and others 
(8, p. 172) have found that the deaf as a group have lower intelligence 
quotients than normal hearers. Since the sense of hearing is one of the 
media through wliich one learns it is certainly conceivable that different 
stages of incomplete hearing contribute in varying amounts towards a lower 
IQ and that acute hearing may contribute toward a higher IQ. 

Another speculation tliat might logically arise is in connection with the 
difference in male and female hearing for the high tones. One is led to 
wonder if this sex difference is in some fashion a factor contributing toward 
female superiority in various language abilities. 

This study has in no wise attempted to designate the level at which hear¬ 
ing impairment is a handicap in learning to read. The chances are that it 
could not be done for the group as a whole. The degree to which impair¬ 
ment is a handicap probably depends not only upon the amount of hearing 
loss, but on other conditions, such as the child’s age at the onset of loss, 
his intelligence, his constitutional make up, his eye-sight. It seems more than 
plausible to suggest also that many factors operating to bring about real or 
apparent hearing defects may likewise be operating to bring about less than 
average attainment in reading. Certainly the child with lowered vitality 
may tire before the hearing test is over just as he tires easily at his school 
tasks; the child who comes to school without proper or sulRcient food is 
more easily fatigued, whatever the testing or learning situation, than the 

^■‘Tliese figurea were based on information obtained from school records. The 
author says: “The difference is probably large enough to be significant, and may be 
related to the fact that more of the gifted group have had adenoids and tonsils 
removed." 
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well-nourished child. There are jiarcius wlio pay little attention to their 
child’s physical or intellectual needs. A defective throat or a bad cold is 
allowed to run its course witli the same degree of indifference that school 
work is allowed to progress or not progress. Other parentis are constantly 
alert to the child’s physical and intellectual needs. Some children no doubt 
have the same unconcern for their hearing test scores that they liavc for 
class work; while other children have an interest and a will to achieve in 
all situations. Close and sustained attention necessary for a .successful hearing 
test, especially at the high frcrjuencies, is also a necessity for most children 
in learning to read. 

Very little is known of the cau.ses associated with high-tone loss, and 
certainly we know all too little of the factors related to failure to read. 
When we know more of the etiology of liigh-tone loss it may well be that 
we shall also know more of the etiology of poor reading. 

The reliable connection between C loss and reading achievement should 
not be interpreted to mean that the 8192 and 11,584 frequencies are neces¬ 
sarily the most important of the high frequencies for success in reading. 
The factor analysis indicated their fundamental importance only in their 
relation to the other tones tested. It is quite possible that some combina¬ 
tions of high tones other than those selected by means of the factoring would 
have revealed the same degree of relationship to reading achievement. Since 
the intercorrelations between the high tones was relatively high this .sup¬ 
position seems reasonable. 

An attitude of conservatism should also be adopted in interpreting tlie 
fact that the study shows high-tone loss more closely connected with reading 
achievement than medium-tone loss. The diifcrence is statistically real 
within the limits of the methods employed and within the bouiuLs of the 
data, but should not be interpreted to mean that tiie high-tonc frequencies 
are more important than middle-tone frequencies for learning. It sliould 
be remembered that the children in the population had reliably more C loss 
than B loss. C loss averaged approximately 12.5 decibels for each of the 
four scores summed, while B loss averaged 7.5 decibels for each of the 
summed scores. The 12.5 decibels at high frequencies may represent a great 
deal of loss while the 7.5 at medium frequencies only a moderate amount. 
It is probably safe to say that a great deal of high-tonc hiss is more closely 
associated with reading than is a moderate amount of middle-tone loss. From 
the data it cannot be determined what differences in achievement would 
have appeared had the high and middle-tone losses been reversed, tliat is, 
had a great deal of middle-tone loss been accompanied by a sliglit or moderate 
amount of high-tone loss. Audiograms of this sort were not found. 
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On the other hand, the association found to exist between high-tone loss 
and achievement should not be passed over lightly because of these limita¬ 
tions. The relationship found between high-tone acuity and achievement is 
important to education. If it is true that high-tone loss is the most common 
type of hearing impairment found among elementary school children (22) it 
is definitely a very real concern of the public schools. Still further, if it is 
true that high-tone loss accompanied by even a slight amount of middle-tone 
loss has an effect on the hearing of speech (22) it follows that the distortion 
of speech conditioned by this type of loss can cause difficulty in learning. 
It may be quite true that good hearing for frequencies above the 2048 is 
necessary for success in only a few vocations—that loss above this range is 
not a handicap to the majority of adults in carrying on their ordinary daily 
affairs,—^yet in the business of acquiring an education be quite a handicap 
for the child. An adult frequently gets the meaning of connected speech 
without hearing every sound perfectly. It is not always necessary for him 
even to hear every word because he is anticipating the meaning of what is 
being said to him. As for the child, much of his learning takes place in a 
room with 30 or 40 other children. If he is a "good child” the chances 
are that he is seated 30 or so feet from the main source of learning—the 
teacher—and that his limited experience cannot supply sounds or words he 
is not hearing completely because he cannot anticipate what is being said 
to the extent that the adult can. He achieves in direct proportion to his 
ability to form new or different concepts. His expanding concepts depend in 
a large measure upon his ability to deal with a rapidly expanding vocabulary. 
Hearing necessary for carrying on the ordinary affairs of his life—learning— 
may, with all logic, need to be as complete as that required for success in 
a few highly specialized adult professions. 

It is estimated, reliably, that approximately 40 per cent of the children 
in an ordinary school population have some degree of high-tone impairment 
(22). The extent to which this loss is a handicap educationally is not 
known. The reports that are available indicating the tones of primary and 
secondary importance for speech articulation are based on their importance 
for adult articulation. Research should be undertaken to determine the 
relative importance of high and middle tones for children's interpretation 
of speech. A reversed order of importance might conceivably be found. 

2. A unlysis of Readitiff Difficulty 

Durrell’s Analysis of Rendinej Difficulty, a type of diagnostic test designed 
to identify specific areas of reading disability, was given to 98 of the chil- 
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arcn whose reading iiuntirtU was Uehtw 100 uix riflirr reading emnprehensum 
or vocabulary as inciisiircd by the i'ri»ifrt$mr .ithuvcwein Tnf. 'Phe pur* 
pose of using an objective analysis id reading difficulty was n. tts to drter- 
mine whether or not high-tone hearing lo^s might hr mure eltisply as^iciaied 
with certain generally reengni/ed phases iif rise reading net rlinn with ntliers. 

Very definite liniitntions in this a|»prii;Hh tu the problem were inherent 
in the data. Everj' child given tlic arulytical lest snme degiee nf reading 
difficulty; therefore the investigatinii was nariowi'd tn an analysis ttf the 
performance of atypical readers in certain areas id n-ading. Further, it will 
be remembered that high-tone liearing loss ilifferentiated the average and 
the below-avcrage readers witliin the 5 |irr cent rrliahiliiy limit only. 
Logically, still lesis difTerentiation in high-lnnc loss would he expected between 
the W-normal and sub-normal readers,the population with which the 
particular problem under discussion was concerned. 

Notwithstanding the obvious Hmitatiims the study was prosecuted in the 
hope that at least some relationships between high^^tone livss and specific 
difficulties in reading would be indicated that might serve to suggest direction 
for future inquiry. 

Forty-six of the children given the analytical test had reading quotients 
ranging from 52 to 89, and .52 had reading quotients ranging from 90 to 106. 
Table 23 gives certain mean comparisons far the two groups. The critical 

TABLE 23 

Mean Comparuoks oe Lowasr and liisnEST RQ (jRcpup!) C^ivkn tiik Anai.y^is of 
Reading Difkicultt Test as to Totac RQ ^ CuRONoroatcAi. Aoe, 

AND ANAi.ri(CAr. Test Items 


Analytical test urailc-nlacernent 




Mean 






EQ Mean 

chron. 

Oral reading 

Silent 

I'laKhed 

I’rnnun- 

N 

range RQ 

age 

Comp. Recall 

reading 

words 

riatinn 

46 

52' 89 79.24 

12.03 

3.32 3.41 

3.42 

3.79 

3.24 

52 

90-106 96.58 

10.94 

4.05 3.93 

4.03 

5.011 

4.33 


CR 5.08 

3.31 

3.37 2.49 

2.98 

3.64 

3.95 



Letter names missed 

Letter sounds 



RQ 

Mean number 

missed 

Blends missed 

n" 

range 

Lower case 

Capitals 

Meannumlier Mean number 

46 

52- 89 

1.00 

1.20 

10.57 


7.33 

52 

90-106 

.71 

.65 

9.96 


6.33 


* CR 

1.16 

1.23 

.37 


.88 


“Statistical analysis was undertaheu to test this giippoailion. The CR of ihc 
difference in mean C loss for the below-normal and the low-normal group was 1,56. 
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ratios indicate that there are highly reliable differences between this low- 
normal reading group and the sub-normal reading group in reading quotient, 
chronological age, Oral Reading Comprehension, Flashed Words and Word 
Pronunciation; a difference within the 1 per cent limit on Silent Reading; 
and a difference within the 5 per cent limit on Oral Reading Recall. 

The poorer reading group knew fewer letter names, letter sounds, and 
letter blends than the low-normals but the differences were not'reliable. 
Apparently, for the population concerned, mere knowledge of letter names 
and sounds, although frequently thought of as an ability connected with 
success in reading, is of little significance as an isolated aspect of reading. 

There were 30 children in the group with high-tone loss ranging from 
0-30, and 26 with high-tone loss ranging from 75-170. These ranges repre¬ 
sented the best and poorest total C hearers. Table 24 shows mean grade 


TABLE 2‘1- 

Mean Analytical Test Grade Placement for Children with Least and Most 

Total C Loss 


Total C loss 

Range 0-30 
A^=30 

Mean 

Range 75-170 
A'=26 

Mean 

Difference in 
achievement 
years 

Oral reading; 

Comprehension 

3.77 

3.45 

.32 

Recall 

3.67 

3.49 

.18 

Silent reading 

3.69 

3.58 

.11 

Flashed words 

4.79 

4.01 

.78 

Word pronunciation 

4.10 

3.65 

.45 


placement attained on the analytical test for children with these extremes in 
high-tone hearing acuity; also the attainment differences in fractions of a 
year. Differences on every test item were in favor of the better high-tone 
hearers. The greatest difference, .78 of a year, occurred for Flashed Word 
scores. The critical ratio for this difference, 1.80, was also the highest 
critical ratio obtained. 

Table 25 gives the per cents of children in both hearing groups missing 
each letter and blend sound. On 24 of the 26 letter sounds smaller per 
cents of children with the least loss missed the sounds as compared with 
children having the most loss. On the blend sounds the least-C-Ioss group 
did better than the most-C-loss group with 16 of the 17 blends. The average 
number of letter missed by the two groups was 9.8 and 13.2 respectively; 
the average number of blends, 6.2 and 8.3. 

Test items were studied also from the standpoint of “Worst C Spots.” 
There were 25 children with worst spots ranging from 0 to 10, and 27 with 
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'FAHLE ZS 

Per Cents of Chjuoren with Most anh Least TnrAi. C Lf»ss Mismsg Each 
OF T>IE LuTTER ASI) Bi.EKD SOUNDS 



Range O-SO 
N^26 

Per cent 

Range 75-170 
^-■=30 

Per cent 


Raniic 0-30 

A - 2ft 
Perceiu 

Range 75-170 
A' 30 
Percent 

c 

56.7 

69.2 


33.3 

5(1.0 

L 

16.5 

57.7 

Y 

53.3 

73.1 

A 

30.0 

42.3 

K 

4(l.n 

50.0 

s 

30.0 

46.2 

Z 

53..3 

34,6 

I 

33.3 

57.7 

ih 

20.0 

3M.« 

B 

33.3 

42.3 

M 

50.0 

42.3 

R 

36.7 

61.5 

wh 

2U.fi 

46,2 

T 

36.7 

34.6 

»h 

2ft.7 

34.6 

T 

23.3 

34.6 

br 

43.3 

57.7 

u 

23.3 

42,3 

ch 

36.7 

3«.5 

M 

30.0 

73.1 

dr 

33.3 

57.7 

H 

46.7 

46.2 

tr 

40.0 

61.5 

P 

26.7 

34.6 

cl 

40.fi 

65.4 

E 

30.0 

42.3 

fr 

36.7 

50.0 

F 

33.3 

42.3 

RC 

23.3 

50.0 

0 

30.0 

3S.S 

pi 

40.0 

50.0 

G 

43.3 

73.1 

sm 

33.1 

53,8 

X 

50.0 

61.5 

tw 

43.3 

46.2 

N 

46.7 

57.7 

fl 

33.3 

18.5 

V 

40.0 

46.2 

sk 

SJ.3 

42.3 

Q 

43.3 

76.9 

KW 

50.0 

6S.4 

D 

43.3 

30.8 


... 

... 


worst spots ranging from 30 to 55. Tables 26 anil 27 show a tabulation of 
results. Scores on all test items including letter and blend sounds favor the 
0-10 group. The only difference approaching reliability, however, is on 
Flashed Word scores. The difference of .94 of a year has a critical ratio 
of 2.3 {within the 5 per cent limit). The O-lO group missed an average of 
8.8 letter and 5.1 blend sounds; while the 30-55 group missed an average 
of 12.4 and 8.2 on letter and blend sounds respectively. 

Since the better high-tone hearers knew more of the letter and blend sounds 


TABLE 26 

Showing Mean Analytical Test Grade Placement for Children with “Worst C 
Spot" from 0-10 and Those with “Worst C Spn-r" from 30-55 


Worst C spot 

Range 0-10 
A=25 

Mean 

Range 3n-55 
A--27 

Mean 

Piffercncc in 
achievement 
years 

Oral reading: 

Compiehension 

3.76 

3,41 

.35 

Recall 

3.71 

3.39 

.32 

Silent reading 

3.71 

3.50 

.27 

Flashed words 

4.84 

3.90 

.94 

Word pronunciation 

4.00 

3.63 

,37 
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TABLE 27 

Showing Per Cents of Children with "Worst C Spot” from O-lO and Those with 
"Worst C Spot’' from 30-55 Missing Each of the Letter and Blend Sounds . 



Range 0-10 
iy=24 

Per cent 

Range 30-55 

Per cent 


Range 0-10 
A=-24 

Per cent 

Range 30-55 
N=26 

Per cent 

c 

50.0 

65.4 

w 

29.2 

42.3 

L 

45.8 

61.5 

Y 

41.7 

65.4 

A 

25.0 

34.6 

K 

33.3 

50.0 

s 

20.8 

42.3 

Z 

33.3 

38.5 

I 

25.0 

53.8 

th 

8.3 

38.5 

B 

33.3 

34.6 

St 

41.7 

38.5 

R 

29.2 

53.8 

wh 

12.5 

50.0 

T 

33.3 

34.6 

sh 

16.7 

34.6 

J 

29.2 

34.6 

br 

33.3 

53.8 

U 

16.7 

38.5 

ch 

20.8 

46.2 

M 

25.0 

46.2 

dr 

20.8 

. 53.8 

H 

45.8 

46.2 

tr 

33.3 

50.0 

P 

20.3 

34.6 

cl 

41.7 

50,0 

E 

33.3 

46.2 

fr 

29.Z 

50.0 

F 

41.7 

46.2‘ 

er 

16.7 

42.3 

0 

25.0 

42.3 

pi 

33.3 

53.8 

G 

37.5 

57.7 

sra 

29.2 

53.8 

X 

50.0 

61.5 

tw 

45,8 

50.0 

N 

37.5 

57.7 

a 

25.0 

46.2 

V 

37.5 

50.0 

sk 

54.2 

42.3 

Q 

41.7 

73.1 

sw 

45.8 

65.4 

T 

37.5 

30.8 





than the poorer hearers, the letters missed by both groups were tabulated 
according to Steinberg’s classification of speech sounds (89). By means of 
articulation tests Steinberg was able to designate the frequency regions of 
greatest importance for hearing the vowels, nasal consonants, stop conso¬ 
nants, and fricative consonants.^*^ It will be noted that the recognition of 
speech sounds in each of these divisions necessitates hearing at increasingly 
higher frequencies. Although the letters in this classification involve a wide 
range of frequencies it was thought possible that grouping the letters by 
such a scheme might serve to establish some relationship between the type 
of speech sounds missed and hearing acuity. This was not the case, however. 
The poorer hearers missed more of the sounds in each of the divisions than 
the better hearers, but the sounds they missed fell uniformly throughout the 
vowel and consonant range as was also true for those missed by the better 
hearers. 

Further study of the analysis test data was not undertaken since the study 

^“Vowels, short and long {a e i o u w v) Frequencies 200-3000 

Nasal consonants (/ vi n ng r) " SOO-4000 

Stop consonants {h ch d g h ) k p <) " 750^5000 

Fricative consonants (/ / sh st tW th v x xh) " 1000-8000 
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that was made seemed unproductive nf di«rtvcrinj* arras of readinK that 
were unquestionably associated with high tone HreausK; ui t|je narrow 
extent of the study, and the srrtmis limiratiims of flu* dara as iwdnird out 
earlier, this section of the repfjrt slupiild hr coti'-ideretJ stij^yesrive «inlv. 

SummarizinK analysis of readinu difficuliv: vorrs on the sejiariitp test 
items reliably differentiated the hiw-nonnal readers and sub noniuil readers 
except for items testinK knowlrdae «if letters and hlertds. Apparently th,* 
ability to call the letter names or to imKluce tlsr Minnds nf iM.laied letters 
and blends is no more reliably aswiciated with a low-tiormal readitiK n-ore 
than it is with a sub-normal reailinu score inw^far as the initnedtate study 
is concerned. 


When scores for letter and blend sounds arc compared for tlie chiUlrpji 
with the most C loss and the least C loss, and aj^ain fur children with litmd 
"worst spots” and bad "worst spots" it is fuund that the belter hiuli-tone 
hearers in both of the catefjories miss fewer Mtunds ihaii the poorer hearers. 
Even though poorer high-tone hearers miss rmtre of the spm-h wumU than 
do the better hearers, they mhs no more of the smmds that involve liigh-tone 
frequencies than of the ones that involve lower fretiueiicies, Seemingly, the 
ability to deal with isolated speech stjunds is an “over all" alu'litv. 'I'liis may 
be due to the fact that all speech stjuiuIs are highly aitiiplicaied in hotli 
frequency and pressure patterns. 'I'hus, loss for high-freqt.cncv hearing may 
render the learning of all speech sounds difficult. 

flashed Word scores differentiated the betrer and piKirer C hearers more 
reliably than did other test item scores. Why this siumld he true is to say 
the least, obscure. A study of the Flashed Word test of the child witli the 
greatest high-tone loss reveals an interesting phenomenon. The c.ise is a 
1^-year-old girl with a reading quotient of .87. Slic knew all of the letter 
names but one; knew 14 of tlte 26 letter sounds and 7 of the 17 hlend 
sounds. When the word polish was flashed she said "police.” She was asked 
what letters she remembered seeing and replied "p-o-l-i-s-lu" 'fhe word was 
then provided by the test dlrcctions-and time allowed for 

study. The child continued to call it "police.” She called Bhs,t. "blank." 

stmTdL'd th iTol re-exposure and studv 

h r Thl r ^vor.l before 

the child was remarkable, but she possessed no ability to arrive a. the correct 
pronunciation of the words that she did not know at a glance ThriId- 
reaction to u>crds was duplicated by other cliiidren. and leads one to wonder 
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whether or not an ability to analyze and synthesize word parts may be 
related to the knowledge of speech sounds as they are combined into words. 
What part the loss for high frequencies could play in such an ability is mere 
conjecture of course. The fact that this study found a high degree of relia¬ 
bility between reading attainment and high-tone acuity and some degree of 
reliability between Flashed Word scores and high-tone acuity suggests that 
the ability to deal successfully with words 7nay bear a relationship, to the 
ability to hear word parts accurately.^'^ Further study in this direction might 
be worth while. 

C. External Otological Data 

The results of the external otological examinations will be presented in 
relation to hearing loss at low, medium, and high frequencies {A^ B, and 
C loss). Little effort will be made to interpret the relationships that are 
found to exist since interpretation involves the field of otology. 

The otological examination took place within a few weeks of the hearing 
test. Certainly any lapse of time between the test and examination might 
tend toward creating spurious relationships; however, a few of the associations 
between certain types of loss and otological defects seem consistent enough 
to suggest that factors unrelated to the lapse of time may be accountable 
in some measure. 

Table 28 shows the mean A, B, and C loss for the total population, for 
those free of the defects revealed by the external otological examination, 
and for those having various subdivision defects. 

Table 29 gives the same information, mean Aj Bj and G loss, except for 
defective or not defective, with the critical ratios of the differences. It is 
noted that for six of the seven categories of defects the mean A, B, and C 
loss is greater for children having the defects than for those not having the 
defects. The one exception is mean high-tone loss for children with nasal 
obstructions and infections. Their mean high-tone loss is 0.9 decibels better 
than children having no nasal defects. 

Children with normal throats hear A, B, and C tones better than children 
with defective throats. The greatest mean difference is at the low tones. 
Those with normal throats, tonsils in and no defects, hear low tones, A, 
better by 5.70 decibels than children with defective throats. The critical 
ratio of the difference is 2.68, indicating that the difference could have hap¬ 
pened by chance less than 1 per cent of the times. Those with normal throats 


^''The correlation between reading quotient and Flashed Word score for the total 
diagnostic test group was .26d:.06—a slight but real association. 
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TABI.E 2S 

Mb/in a, B, kud C Loss fur wint Varhh.-s Onij,«H;!c‘u 

-V ./ H 


Throat 

Nomal and tonsils in 
Norinal and tonsils out 
Regrowth 
Imbedded 

Chronic infection or rniigrstinn 
3+ (enlarged) 

No record 

Left Ear Cajtal 
Normal 

Acute infection 
Congestion 

Subsiding or recent lufceiion 

Cerumen 

No record 

Right Ear Canal 
Normal 

Acute infection 
Congestion 

Subsiding or recent infection 

Cerumen 

No record 

Left Eardrum 
Normal 

Questionable old infection 
Definite old Infection 
Recent infection 
Combination of old and new 
Not seen for wax 
No record 

Right Eardrum 
Normal 

Questionable old infection 
Definite old infection 
Recent infection 
Combination old and new 
Not seen for wax 
No record 

Natal Passages 
Normal 

Acute infection 

Chronic or subsiding infection 
Obstructions 

Combination of chronic infection 
and obstruction 
No record 


94 


26,1*^ 

77 

21.50 

29.01) 

6 


22.50 

6 

17.5t) 

2240 

4X 

3l.9t) 

34.40 

54 

27.10 

12-10 

2 



270 

22.90 

2R.50 

1 

92.50 

72.50 

1 

22.50 

12.50 

1 

32.50 

42.5(1 

9 

33.60 

39.20 

S 



zn 

23.SO 

200 

0 


0 



0 



9 

25.SO 

3 5. SO 

5 



254 

22.60 

27.70 

15 

29.911 

39.20 

1 

12.5CI 

12.50 

2 

47.50 

77.50 

3 

52.50 

45.)tU 

7 

26.X0 

36.70 


256 

22.40 

27.50 

13 

37.90 

47.10 

2 

22.50 

17.50 

3 

39.20 

75.70 

1 

32.50 

2.50 

7 

e 

31.10 



240 

22.S0 

27.60 

16 

2S.I0 

2S.70 

7 

31.10 

43.90 

16 

28.10 

40.00 

3 

39.20 

S2.S() 

5 



nriKcrs 

C 


47. IS 

37.55 

53.55 
47.4S 
59,00 

55.55 


47.75 

65.00 

3.50 

95J10 

75.00 


4X.3S 


SS.40 


46.55 
Stt.iiO 
55.011 

I17.n() 

95.00 

73.55 


46.«S 

59.30 

35.MO 

H4.95 

f. 5 .no 

69,35 


4S.){n 

5l.Sii 

41.45 

46.25 


sn.iin 
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TABLE 29 


Mean A, 

B, AND 

C Loss FOR Defectives and Non-defectives 



iV 

A 

B 

C Total A, B, C 

Throat 

Normal 

94- 

20.00 

26.10 

+7.15 


Defective 

191 

25.70 

30.80 

+9.70 


Critical B^atio 


2.6S 

1.83 

0.57 

2.69 

Left Lar Canal 

Normal 

270 

22.90 

28.50 

+7.75 


Defective 

12 

37.50 

40,00 

69.95 


Critical Ratio 


1.80 

1.50 

1.68 

2.88 

Right Ear Canal 

Normal 

273 

23.50 

28.80 

+8.35 


Defective 

9 

25.80 

35.80 

58.40 


Critical Ratio 


0.+3 

1.16 

0.81 

1.38 

Left Eardrum 

Normal 

25+ 

22.60 

27,70 

+6.55 


Defective 

28 

32.10 

+1.10 

68.15 


Critical Ratio 

■ 

2.12 

2.98 

2.67 

+.47 

Right Eardrxim 

Normal 

256 

22.40 

27.50 

+6.85 


Defective 

26 

3+.80 

+3.70 

66.80 


Critical Ratio 


2.70 

3.38 

2.61 

S.Ol 

Hatal Passages 

Normal 

2+0 

22.50 

27.60 

+8.80 


Defective 

+2 

29.+0 

37.30 

+7.90 


Critical Ratio 


1.66 

2.+0 

0.16 

2.33 

Teeth 

No Caries 

19+ 

22.70 

28.90 

+6.25 


Caries 

90 

26.00 

30.10 

5+.6S 


Critical Ratio 


1.18 

0.+2 

1.81 

2.00 


hear medium tones, B. 4.70 decibels better than the defectives, and high 
tones, C, better by 2.55 decibels, but the B and C differences for the de¬ 
fectives and non-defectives are not statistically reliable with critical ratios 
of 1,83 and 0.57. When A, B, and C losses are combined the critical ratio 
of the mean difference is 2.69, within the 1 per cent limit, and therefore 
indicative of a relationship between total low, middle, and high-tone loss 
and condition of the throat. 

Children with normal ear canals have better A, and C hearing than 
children with canal infections, congestion or cerumen, but the differences 
are not reliable for Aj B, and C tones separately. When low, middle, and 
high-tone loss is totaled, however, the mean difference in loss for defectives 
and non-defectives has a critical ratio of 2.88 for the left ear, indicating a 
relationship within the 1 per cent reliability limit. This degree of relia¬ 
bility does not hold for the right ear canal differences, however. 
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The condition of the mrmhr^ir hr:iu is tn ,, 

low, middle, and liiKh-fonr^. for k.fh ’f'* • - ’ 


at the low tunes in favor of children svifh normal }orn)hr,ifjr^ 
left ear; fliiil 12.40 -r.. ■ . ... ’ 


trjio,i| fpifj. 

the ^ J^^ri rroi i^gi j 2,70 

l*or the II s,«j5r>t ihp jne.in dif- 


left car; and 12.40 decihek. n'yla rar 
ear differences, low tone?., are 2 J 2 

{within the I per cent limit) rr^mniiwlv. ror in. /t s.,... dif 

fercnce in loss fur cimse with drfntivc r;mhtsms .i„d iIimm- with nnrimi ear 
drums IS 16.20 decihels, left ear. and *i. 7 tt devihel^ nyht nr w,»l, Vk'I t 
ratios o( 2 . 9 S (w-itliin thr 1 p« com limit ..i .cli,i.',l.,v,. ivinu^ 

in y). HiKh-tone itm is dmlw!.. urriitri, !di raj and 10 16 
greater, right car, for children with ear.ln.m de/„^^ d,.™ r|,’iUroi tvi’tli 

■''f" =: 

nitude preclude any chance association. ^ 

O .90 decibels more keenly than children with nasil defn i.* hm ihf. i fi 
s not reliable (ri? i Af,\ 'tn . , «ctc^t^ nui the lisffermce 

3 . 3 ?d«rcJccri 78 ?l.a?:h\r‘'“-^"^ 

.iddia tan. irf"o 2 ,“; 7 "o 7 rr™"i ' 7 '- 7 " r 

hi£h tones 8.40 decibels better (CrTh ) 'H, 

statistically reliable When j 6 ia ^ ► i j n ^ critical ratio.s are not 

^ de„t{. Jit ‘r 

5 per ce Jr Jeltait . 

relationships that are LdLtit nf -“‘* "" «“'■'> 

=:v;t:tt: Jr j at: s:: 
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defective tympanic membranes and defective nasal passages is high enough 
statistically to be viewed as a significant association; high-tone loss is reliably 
associated with only one type of external otological defect—tympanic mem¬ 
brane. When low, middle, and high-tone losses are combined the total loss 
accompanies defects within varying degrees of reliability. Relationship of 
total loss to the condition of the eardrum is unquestionably reliable; relation¬ 
ship to left ear canal is significant within the 1 per cent limit; relationships 
between conditions of the throat, of the nasal passages and of the teeth, are 
reliable within the 5 per cent limit. 

Defects accompanying keen hearing as opposed to those accompanying very 
poor hearing were tabulated. There were 94 children whose A scores ranged 
from 0-10 and 80 whose A scores ranged from 35-260. These two groups 
represent the two extremes in low-tone loss. The numbers and per cents 
of children in the two hearing groups having the various defects are shown 
in Table 30. The greatest differences in per cents occur in connection with 


TABLE 30 

Numbers and Per Cents with Various Otological Defects in the Best and Poorest 

A Hearing Groups 



0- 

N 

■ 10 Loss 

Per cent 

35-260 

N 

Loss 

Per cent 

Throat 

Tonsils in and throat normal 

28 

29.79 

20 

25.64 

• Tonsils out and throat normal 

34 

36.17 

20 

25.64 

Tonsils out, but regrowth 

2 

2.13 

— 

— 

Tonsils imbedded 

1 

1.06 

_ 

_ 

Tonsils chronically infected 

or congested 

14 

14.89 

18 

23,08 

3* (enlarged) 

15 

15.96 

20 

25,64 

Left Ear Catial 

Normal 

93 

98.94 

70 

92.11 

Defective 

1 

1.06 

6 

7,89 

Riaht Ear Canal 

Normal 

93 

98.94 

73 

96.05 

Defective 

1 

1.06 

3 

3.95 

Left Eardrum 

Normal 

89 

94.68 

63 

82.89 

Defective 

5 

5.32 

13 

17.11 

Right Eardrum 

Normal 

91 

96.81 

64 

■ 84.21 

Defective 

3 

3.19 

12 

15.79 

Nasal Passages 

Normal 

83 

88.30 

62 

81.58 

Defective 

11 

11.70 

14 

18.42 

Dental 

No caries 

64 

68.09 

50 

64.10 

Carles 

30 

31.91 

28 

35.90 
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the throat. There are 36.17 iwr cenl in the 0-10 ^rnnp with tonsils out 
and throat normal ai^aiiist 25.64 per CMit in the 35-260 arnup. In the 0-10 
group 14.89 per cent have chronic throat infcctic»n or c<ifn*pstifin, wliilr 23.08 
per cent in the 35-260 group have the same rlchrt. Ten per cml fewer 
children in the 0-10 group have 3‘ tnnsiU than in the 35-26(1 group. How¬ 
ever, in the O-IO group there arc only 4.15 per wnt timrc children with 
tonsils in and throat normal titan in tlic 35-26(1 grmip. 

The per cents of children in the 0-10 and the 35-2W1 grutips having nasal 
defects, car canal defects, and unfilled dental cavities are apprtisimately the 
same. In the 0*10 group 11.79 per cent fewer children have left ear t\mpat»ic 
membrane defects than in the 35-260 group, and 12.60 per cent fewer, 
right ear. 

For each otological division higher per cents of children in the 35 260 
hearing group have defects than in the 0*10' group, hut in no case is the 
per cent difference statistically reliable. If a child has keen A hearing his 
chance of having an otological defect is approximately equal tf> that of the 
child with very poor A hearing. Keen // hearing does not portend n>i fhied 
as poor A hearing does not portend a difnl. 'I'lns certainly suggests that 
factors other than, or in addition to, observable utolugical defects must he 
sought for the causes responsible for low-tone loss. 

There are 74 children in the 0-10 B hearing group and 71 children in 
the 45-115 B hearing group—-Table 31. These aimumts of B loss represent 
the least and the most middle-tone loss. As witli the extreme A groups the 
greatest difference in percentages occurs in the matter of thniat defects. 
There are 41.19 per cent in the 0-10 group and 24.29 per cent in tlie 45-115 
group with normal throats—tonsils In and throat normal. Normal ear¬ 
drums occur in the 0-10 group in 95.95 per cent of the cases, left ear; and 
97.30 per cent, right ear, against 80.88 per cent and 75.00 per cent in tin* 
45-115 group. There are only 75 per cent of the children in the 45-115 
group against 89.19 per cent in the 0-10 group with nasal defects. Per cents 
of defects in the other categories differ practically none In the 0-10 and 
45-115 groups; however, in all excepting dental, the 0-10 group have a 
higher per cent of normal conditions than have the 45-115 group. Again, 
as with A loss, in no instance Is the difference in percentage statistically 
significant. The child with keen B hearing is just as likely, statistically, 
to have an otological defect as is the child with a great deal of B loss; and 
the child with a great deal of B loss is no more likely to have a defect than 
is the child with little loss. The children having certain defects as a group'— 
Table 29—^have reliably more B loss than children as a group not having 
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TABLE 31 

Numbers and Per Cents with Various Otolooical Defects in the Best and Poorest 

B Hearino Groups 


0-10 Loss 45-115 Loss 

N Percent N Percent 


Throat 


Tonsils in and throat normal 

31 

41.89 

17 

24.29 

Tonsils out and throat normal 

22 

29.72 

21 

30.00 

Tonsils out but regrowth 

— 

— 

— 

— 

Tonsils embedded 

1 

1.35 


— 

Tonsils chronically infected or 

congested 

S 

10.81 

16 

22.86 

S* (enlarged) 

12 

16.22 

16 

22.86 

Left Ear Canal 

Normal 

72 

97.31 

64 

94.12 

Defective 

2 

2.69 

4 

5.88 

Rtffhi Ear Canal 

Normal 

73 

98.65 

65 

95.59 

Defective 

1 

1.35 

3 

4j41 

Left Eardrum 

Normal 

71 

95.95 

55 

80.S8 

Defective 

3 

4.05 

13 

19.12 

Right Eardrum 

Normal 

72 

97.30 

55 

80.88 

Defective 

2 

2.70 

13 

19.12 

Nasal Passages 

Normal 

a 

89.19 

51 

75.00 

Defective 

s 

10.81 

17 

25.00 

Dental 

No caries 

SI 

63.92 

49 

70.00 

Caries 

23 

31.08 

21 

30.00 


those defects, but the relationship breaks down when the groups studied 
are composed of those with little B loss and those with a great deal of B 
loss. Consequently, it will have to be concluded that as far as this investi¬ 
gation is concerned external otological defects may operate as one factor 
associated with middle-tone loss. As with low-tone loss, however, no causal 
relationship is established. 

There are 73 children with high-tone scores ranging from 0-20 and 73 
with scores ranging from 70-260, representing the worst and the best C 
scores—-Table 32. In the 0-20 group there is a larger percentage of children 
with no defects in each of the otological categories than in the 70-260 group. 
As with A and B percentages, throat conditions account for the largest dif¬ 
ferences between the extreme C hearing groups. In the 0-20 group 36.99 
per cent have tonsils in and throat normal against 31.51 per cent in the 
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Numhbrs AJtnPER Cknh wmi 

11 ,v 


rnr 

ASJ» rnrrREST 

C H 

fi'ktllNl. 

1 

■f'i 

.Tl»^ 

7(‘- 

■260 f.ci’«s 


.V 

IV? Vf!S! 

s 

iVrreni 

Throat 

Tonsils in and thraal normal 



n 

11.51 

Tonsils out and ifiroat tioMnui 

u* 

41 m 

It 

2(i.SS 

Tonsils out bul rrgrnwih 

1 

2.7* 

•» 

2.74 

Tonsils emhcddrd 


. w 

1 

1,17 

Clirontc infeciian ar rnn^c^lion 

? 


J6 

21.92 

3*- (eniarged) 

7 


ih 

21.92 

l.eil Ear Canal 

Normal 

70 

9%.%^ 

65 

91.55 

Defective 

3 

4.11 


8.45 

Riahl Ear Canal 

Normal 

70 

9iM 

hS 

95,77 

Defective 

S 

4.11 

3 

4.23 

Left Eardrum 

Normal 

70 

9$.»9 

57 

R0.2B 

Defective 

3 

4.11 

14 

19,72 

Riffht Eardrum 

Normal 

71 

9?.26 

S9 

83.10 

Defective 

2 

2.74 

12 

16.90 

Naial Rattages 

Normal 

61 

89.04 

61 

85.92 

Defective 

% 

10.96 

in 

14.08 

Denial 

No caries 

S7 

78.08 

44 

60.27 

Cories 

16 

21.92 

29 

39.73 


70-260 group. For the keenest hearers 41.10 per cent have tonsils out and 
throat normal compared with 20.55 per cent for the 70'26fl group. In the 
0-20 group 9.59 per cent have chronic throat infections and 0.59 per cent 
have 3*^ tonsils, while in the 70-260 group 21.93 per cent have chronic 
throat infections and 21.92 have 3* tonsils. In the least-tV-Inss group 4.35 
per cent fewer have left ear canal defects, and 0,12 per cent fewer have 
right car canal defects than in the most C Io.ss group. Percentage differences 
in tympanic membrane defects are 15.61 per cent left car, and 14.16 per cent 
right ear in-favor of the best C hearers, The difference in tiiisal passage 
defects is 3.16 per cent in favor of the best C hearers. There arc I7.dl 
per cent fewer in the 0-20 group with caries than in the 70-260 group. While 
these differences are all in favor of the 0-20 groups having a larger per cent 
of non-defectives than the 70-260 group, in one instance only is there a 
reliable difference in the percentages: when the per cents of children with 



SIBYL HENRY 


43 


normal throats, tonsils in or out, are compared for the best and poorest C 
hearers 78.09 per cent in the best group and 52.06 per cent in the worst 
group have normal throats. The CR of the difference is 2.07, which, is 
within the 5 per cent limit. However, when mean C loss, Table 29, was 
compared for the throat defectives, and non-defectives, the CR of the mean 
differences was indicative of no more than a chance relationship. So, as with 
low and middle-tone loss this study has failed to find a causal relationship 
between loss at the high tones and external otological defects. 

When low, middle, and high-tone loss is totaled and the poorest and best 
hearers compared from the standpoint of defects the results are practically 
the same as those obtained when A, B, and C loss are studied separately. 
Tabulations for total loss are shown in Table 33. There are 70 children 
whose total A, B, and C loss ranges from 145 to 730 decibels, and 67 whose 
loss ranges from 10-50 decibels. There are 29.64 per cent more children 
with normal throats, tonsils in or out, in the keenest hearing group than 
there are in the poorest hearing group. The critical ratio of the per cent 


TABLE 33 

Numbers and Per Cents with the Poorest and Best (Combined A , B , and C Loss) 
Hearing Having Various Otological Defects 



10-50 

N 

Loss 

Per cent 

145-730 

N 

Loss 

Per cent 

Throat 

Throat normal—tonsils in 

24 

35.82 

17 

24.64 

Throat normal—tonsils out 

27 

40.30 

15 , 

21.74 

Throat defective 

16 

23.88 

36 

53.62 

Left Ear Canal 

Normal 

65 

97.01 

61 

91.04 

Defective 

2 

2.99 

6 

8.96 

Right Ear Ca?ial 

Normal 

67 

100.00 

64 

95.52 

Defective 

— 

— 

3 

4.48 

Left Eardrum 

Normal 

65 

97.01 

55 

82.09 

Defective 

2 

2.99 

12 

17.91 

Right Eardrum 

Normal 

67 

100,00 

56 

83.58 

Defective 

— 

— 

H 

16,42 

Nasal Passages 

Normal 

60 

89.55 

55 

82.09 

Defective 

7 

10.45 

12 

17.91 

Denial 

No caries 

48 

71.64 

45 

65.22 

Caries 

19 

28.36 

24 

24.78 
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difference is 2.29 {within the twr cent limitK The differences in per 
cents of defectives and nitn-dcfertive^ in she hc^t and piw»rot hcarlnc liroups 
in all other categories are statistically uiucliahle. 

Apparently there is a relationship hetween hraring hm in general and the 
condition of the throat. Table 29 showed thr mean In^s for defectives and 
non-defectives. The mean difference in lota! low, tniddle. and high-Uitie loss 
for the defectives and non-defecilvcs had a crilival fiitio «jf 2.69 (within 
the 1 per cent limit); and since the pcrcrnt.ige differences for best and 
poorest hearers—total J, li, and C Ios.fr--wiih normal ihrnais ha^ a critical 
ratio of 2.29, it would seem that defective thnats mrty be operative in 
bringing about hearing lass of a general nature. 

There is an opinion (72) that boys have more olological defects than girls. 
For this reason a tabulation was made of defects for the total number of 
children in the study, 143 males and 144 fcmalea—'I'able 34. Standard 

TABLE 34 

Otolocical DErecTs for MAuids, FaMAi.Eii ako Total Populatuih 

Male Female Total 



N 

Per cent 

A* 

Per cent 

N 

Per cent 

7'hroitl 







Tonsils in and throat normal 

49 

34.26 

45 

31.69 

94 

32.9S 

Tonsila out and throat normal 

29 

2().2X 

48 

33.XO 

77 

27.02 

Tonsils out but regrowth 

3 

2.1(1 

3 

2.11 

6 

2.11 

Tonsils imbedded 

Chronically infected or 

Z 

1.40 

4 

2.88 

6 

2.U 

congested 

29 

ZO.Zi 

19 

13.38 

48 

16.84 

3+ (enlarged) 

Left Ear Canal 

31 

21.68 

23 

16.20 

54 

18.95 

Normal 

140 

97.90 

130 

93.53 

270 

95.74 

Defective 

3 

2.10 

9 

6.47 

12 

4.26 

Right Ear Cajtal 







Normal 

HO 

97.90 

133 

95.68 

273 

96.81 

Defective 

3 

2.10 

6 

4.32 

9 

3.19 

Left Eardrum 







Normal 

12d 

8S.11 

128 

92.09 

254 

90.07 

Defective 

17 

U.S9 

H 

7.91 

28 

9.93 

Right Eardrum 







Normal 

128 

89.51 

128 

92.09 

256 

90.76 

Defective 

15 

10.49 

11 

7.91 

16 

9.24 

Nasal Passages 







Normal 

Defective 

116 

27 

81.12 

18.88 

124 

IS 

89.21 

11.79 

240 

42 

85.11 

14.89 

Dental 







No Carles 

Caries 

89 

62.68 

105 

73.94 

194 

68.31 

53 

37.22 

37 

26.06 

90 

31.69 
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errors of the per cents of males and females and critical ratios of the differ¬ 
ences were computed for all of the categories of defects except ear canals. 
The difference of the per cents with car canal defects was obviously too slight 
to be reliable. A slightly higher per cent of boys, 2.57, than girls have tonsils 
in and throat normal; also the per cent of boys without ear canal defects, 
left ear, is 4.37 higher than per cent of girls; right ear 2.22 per cent higher 
than girls. There are 13.52 per cent^^atfire girls than boys with tonsils out 
and throats normal; 3.98 per cent more girls than boys with normal left 
ear tympanic membranes, and 2.58 per cent, right ear; 8.09 per cent more 
girls without nasal passage defects; and 11.26 per cent more girls without 
caries. The critical ratios of the per cent differences, male and female are; 
throat 1.27; tympanic membrane, left ear, 0.37, right ear 0.24; nasal passages, 
0.82; dental, 1.26. As far as this study is concerned there is certainly not 
a reliable difference between the sexes regarding any of the external otological 
defects noted. 

Average number of defects for the poorest and best hearers, Aj 5, and Cj 
male and female, are shown in Table 35. In every case children with the 


TABLE 35 

Average Number of Otological Defects for Poorest amd Best Hearers, Male and 
Female and Total Population 



N 

Male 

N 

Female 


Total 

Loss 

0-10 

49 

1.14 

45 

0.60 

94 

0.88 

35-260 

36 

1.64 

44- 

1.31 

80 

1.46 

Loss 

O-IO 

35 

0.89 

39 

0,64 

74 

0.76 

+5-115 

39 

1.69 

32 

1.19 

71 

1.49 

C Loss 

0-20 

26 

0.81 

47 

0.64 

73 

0.70 

70-260 

47 

1.3S 

26 

2.25 

73 

1,63 

7'oial A, B, C 

10-50 

27 

0.82 

40 

0.60 

67 

0.69 

145-730 

38 

1.50 

32 

1.72 

70 

1.60 

Total Population 

143 

1.28 

144 

0.99 

287 

1.14 


least loss average fewer defects than children with most loss and fewer than 
children of the total population. Children with the most loss in every case 
have an average of more defects than children of the total population. Girls 
average fewer defects than boys except in the poorest C hearing group. 
Here the average number of defects for males is 1.38 and for females is 2.25. 

The statistical treatment used to try to determine the relationship between 
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hearing loss dcffch shoucd ih-it an a’^wiaticm exists, 

but in one instance onlj' are t]je sfijjyjsrive M a cauwd relationship; 
the difference in the total //, fi. and f' nif-an for diiliiren with and 
for those without thmat defects 1‘raUlc has a ratio «if 2.69 

(within 1 per cent reliability), and the tritical ratio of the differences in 
per cents of throat defective'^ in the pruiresi aiul be«-i J, ll and C group 
(Table 33) is 2.07 (within the ^ jier cent limit 5. Tliew tritica] ratios are 
high, cnaugh for the ciincliisinn tli.it total low, midalle, and higli-totie loss 
is related in same fashion to ilirnat defects. A ch»se rc|;ainit<>hip is not indi¬ 
cated, however, when low, tniddle or high toiie losses are coriridcrcd 
separately. 

While there is no evidence within the limits of the data and their treatment 
that otological defects cause hearing lo'S, with the po.'t.sible rxcepiions men¬ 
tioned in the foregoing paragraph, hearing loss and defects coexist; so, tiuite 
plausibly, some of the factors that are tending to bring about hearing loss 
are also operating to bring about otological defects. Sonic* parent-s may be 
forced by circunistances to pay little attention to a discharging ear or to 
a chronically Infected throat, while others treat even a minor earache or an 
unfilled cavity with immediate concern. A comparison of the hearing loss 
of children wliosc families were on government relief'’’ with los' tif those 
whose families were not seems to give some sup|>ort to this hyptithesis. 

Table 36 shows /I, and C loss for the 30 children of relief families 
and the 252 children of families ostensibly in better minimi ic circumstances. 


TABLE %f, 

A, B, anD C Mean Low lam Rrcief axu Nux-stMiif tiRuiu's 



N 

A lass 

Q loss 

C liiss 

Relief 

io 

27.20 

36.70 

53.75 

Non-relief 

257 

23.Sfl 

2H.30 

4i;.3S 

CR 


1.03 

2.04 

0.82 


The children of relief families have more low, middle, and liigh-tone loss 
than children of better financial .status, but only for B, the middle tones, 
does the mean differences approach reliability. 'I'lie critical ratio of 2.04 
is -vyithin the 5 per cent limit and indicative of diffcrcnliatkm. When .-I, li, 
and C losses arc combined the mean difference between relief and nmi-relicf 
has a critical ratio of 2.23, also within the five per cent limit and a sliglitly 
higher reliability than B loss alone. Extent to which such matters as nutri¬ 
tion are involved are problematic, of course. 

Patniliei on relief at the time of tlie test or during the two-year period prior. 
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Other investigations have reported a relationship between hearing loss 
and economic level. Berry (7) maintains that there is a consistently higher 
prevalence of defective hearing in the lower income groups; Macnutt (64) 
says that the numbers of children in crowded tenement districts with hearing 
impairment is often ten times as great as in better sections; Waters (102) 
reports the children with hearing defects range from 4 per cent where eco¬ 
nomic conditions are adequate to 15 per cent where economic conditions 
are inadequate. 

Studies are not, however, conclusive in their reports as to the etiology of 
hearing impairment. Hunt (54), basing his conclusions on the audiometric 
and otological examinations that have been in progress for several years 
among public school children of New York, says that apparently diseased 
tonsils, sinus infection, and turbinate pathology are among the factors effective 
in producing hearing impairment. Ncuschutz (81) says that diseased tonsils 
are one earmark of defective hearing. Gardner (41) reports a close relation¬ 
ship between infections of the nose and throat and hearing difficulties. He 
has found that among children with hearing difficulties 35 to 40 per cent 
have chronic colds, from 30 to 40 per cent have suspicious tonsils, from 20 
to 25 per cent are mouth breathers, and from 60 to 80 per cent have scars 
on the drum membranes. Fishbein (27) believes that most deafness is pre¬ 
ventable, “that it involves the prevention of contagious diseases and colds, 
and the treatment of infected tonsils and adenoids and the proper care of 
the ears.” Ciocco (15) reported the results of hearing tests and otological 
examinations given to approximately 1400 Washington, D. C., school chil¬ 
dren. Half the number had a hearing loss of 9 or more sensation units, and 
half showed a hearing loss not greater than six sensation units when tested 
by means of a group audiometer. - He says that, owing to the lack of preci¬ 
sion of group testing instruments, the hearing of these children cannot be 
considered completely representative of the hearing of children in the general 
population. All of the children were, however, retested with an individual 
audiometer. The otoscopic examination revealed a relationship between 
hearing loss throughout the audiometric range and conditions of the tympanic 
membrane, to the extent that Ciocco concluded “changes in the tympanic 
membrane ... do affect the hearing acuity sufficiently to be detected.” On 
the other hand he found no relationship between the type or degree of hearing 
loss and nasal or throat conditions. 

Conclusions that may be drawn from the present investigations, within 
the limits of the data and their treatment are: (a) low-tone loss accompanies 
defective throats and defective eardrums; (b) middle-tone loss accompanies 
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defective eardrums and na'^al paf^age*; (*:) accnuipanics de¬ 

fective eardrums; general aaom^afjTf. eardtum, thnsaf, rusil pa-^age, 
and dental defects. 

Larger per cents of children in the \v«»i't hejusui* ,-/, fi, and C, 

have otological defects than of those in the k'-t IL niid L' hearing gr<»ups. 
This holds for every ottdogical categnty; hm nnlv in thr c.ih- of throat 
defects far the best ant! fxiorr^t f.‘ hearers dor-4 the iMYrremr in per cent 
approach a reliable difTerence. Sm.dler i>er rent of ihildrrn with the least 
total A, B, and C, loss have iiiohtgic.il defect’* than of children with the 
greatest amount of total heis; the dittVrence** in f«’r cart-- with throat defects 
is indicative. 

Children with poor hearing at A, B. and C tones av erage a greater nnndier 
of defects than children with gmnl ./. B, and f/ hcaritjg; children witli poor 
combined A, B, and L* hearing average a greater nvunher of defects than 
children with good coiiihineil A, B, and C hearing. (JirU have fewer 
otological defects than boys, but the differenct^ are sfatistic.illy unreliable. 
Children of poorest economic status have more B lens isnd rimre geii(T.il loss 
than children from better homes; but the relationship is suggestive rather 
than positive. 

Slate Teachers College 
Farmvillej Firffink 
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Investigators have employed a multiplicity of attacks in attempting to 
analyze the complex processes involved in the reading act. Consequently a 
great deal of scientific information is available. Research has failed, however, 
to isolate the factors conditioning reading development to the extent that it 
can be said with certainty why some children learn to read with no apparent 
difficulty, why others learn eventually but with painfully slow progress, and 
why others never learn “up to standard.” Inadequacy of the implements of 
research for identifying, measuring, and evaluating phenomena involved in 
the process of reading has occasioned conflicting research findings and differ¬ 
ences of opinion among reading specialists. Lack of agreement serves to call 
attention to many unsolved problems with which learning to read are 
concerned. 

The intelligence quotient which is relied upon consistently in predicting 
success in reading is usually found to have a correlation of .50 or .60 with 
reading progress, yet many children read with less success than prognosis 
based on their intelligence quotients would indicate while others achieve 
beyond expectations. Reading-defect cases are found to have all degrees of 
intelligence from very low to very superior—^with a normal distribution, of 
intelligence quotients (69). In considering the relations of intelligence to 
reading achievement it should be remembered also, that while low intelli¬ 
gence tends to cause low reading scores, poor reading ability can be one 
cause of a low intelligence quotient. 

Neither do reading-readiness tests have the high prognostic value once 
hoped for. Factors other than those measured by such tests are apparently 
important in the determination of successful reading development. Even the 
mental age necessary for learning to read seems to be dependent upon so 
many factors that Gates (98, p. 9) is led to say that statements specifying 
such mental age requirements are essentially meaningless. 

Studies of reversal tendencies, handedness, and eyedness as indicative of 

*Received in the Editorial Office on June 1, 1946. 
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possibla fiictors a^socinttd \vi\\\ rcatline ilrvrlnpmrnt .irc iiiMiirroii";. T’<fllowcrs 
□f Orton (83) bdicve lli:U mutip rtMilin;’; fliniciillir> arr tlur ir» thr imJi- 
vicliial's failure tn esublisll iiniUlc-ral oufical ilnniinaiav, and lliar reversals 
and mixed handedness and ryciliir*ws nrr inaiiiff'^iaMiMi' nf ihis failure, [low- 
cver, other mvestiRatufs prescnl conlliciiiif! rvitlrm:r in pl.niMliiliry nf the 
dominance theory its related in readinit diiriL'iillit> a-; Wi W a*^ in ifie rrlatinn- 
sliip of reversals, handedness, and rvedness tf» rr.idiim ililHailiirs. 

Numernns ^iludics have invcsiiKaicd the Tidaiinn ii( reading!; dvvelnymcnt 
to visual defects^ especially such defecis as eye iniKle inihainnt’c and in¬ 
ability to fuse. The lack of aKrccmeiil in llic Ihidini^s leads in imceriainty 
as to the relatmnship. 

Research that has been done to establish the iiuiKirtaiicc nf eye-niriveiiienL.s 
—fixntiojis, span, and regression— Ui rcadiiit^ docs not warrant assurance in 
assigning fiuilty cyc-niovements as a cause for I'onr reading. 

Invcstigatiaiis of intensive vcrisiis cxlcn^ive rr.uliitg iiu‘llii>d> lead to these 
conclusions: sonic children profit mure by one luethud while luliers iirolit 
more by another method; or, one methml may he more hciirlicial for develop¬ 
ing certain reading skills while nnothcr may he more heiieliclnl fur developing 
other reading skills. 

Studies of personality mnUdiustments have nut clearly rstalilislird a causal 
relationship with reading problems, alihoiigli some studies tend to show 
that emotional strain may be alleviated to nn extent by iinpnivciiicni in 
reading. 

' Auditory abilities as related to reading nttainment have not received their 
, share of concern through scientific investigntinn. Several readin^j specialists^ 
however, admit a possible relationship, and suggest tcsi'i for indicating ability 
to distinguish likenesses and differences in spoken words and sounds^ ability 
to fuse sounds into words, and memory span for sounds (6^, 43, and 9). 

Gates (44, p. 400) states that "there is some evidence that some children 
have dericicncics for Cones within a certain range only, which may make 
phonetic exercises difficult." Monroe's studies (69, p, 107) of remedial eases 
lend her to suspect that some children not noticeably hard of ficaiing may 
have difficulty with certain pitches* Betts (9, eh. X) devotes several pages 
to a discussion of the auditory factors that may be related to reiuling. Wright 
, (111, p, 249) calls attention tu the fact that factors ^nicli as auditory span, 
perception and range, and ability to fuse sounds, as well as bearing acuity, 
may be sigiiificatitly related to the determination of i'eadiiig-rea<lincss. 

. Trnxlcr (98, p, 34) considers Bond's study of the auditory and speech 
characteristics of poor readers to be the principal coniribiition directly pciti- 
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ncnt to tile relfitionsliip between auditory factors and reading achievement. 
Bond (10), by averaging the hearing loss in the better ear throughout tlie 
audiometric range to determine hearing acuity, and by using a battery of 
self-devised tests for scoring auditory discrimination and perception, found 
a significant difference in these auditory abilities of good and poor readers 
among a group of second and third grade children. He reported also that 
the extent to which hearing loss was a handicap to the children studied 
depended largely upon the method—loolc-and-say or phonetic—by which they 
had been taught to read. 

The present study was initiated, primarily, because of the dearth of 
information regarding the relation of auditory factors and reading attain¬ 
ment. It has dealt with only one auditory function—acuity. Other factors 
such as pitch discrimination, auditory span, and auditory memory may be 
more significantly related to the reading process than is acuity per scj but 
at least keenness of hearing can be measured scientifically, while standardized 
tests for other aspects of the auditory function cannot be given so successfully 
to children of elementary school age. Although investigation of the relation¬ 
ship between auditory acuity and progress in reading was the paramount 
purpose of the study, the scope of the problem included a study of children’s 
audiograms in relation to age, sex, external otological defects, and economic 
status. 

The Maico D 5, an audiometer with a range of 10 frequencies, 128, 256, 
512, 1024, 2048, 2896, 4096, 5792, 8192, and 11,584, was used for collecting 

the licaring data. Preliminary to the investigation proper the instrument was 
checked at the National Bureau of Standards.^ What seemed to be an 
optimum method of obtaining auditory thresholds for children was deter¬ 
mined prior to the testing proper. One person gave all of the hearing tests, 
Left and right ear tests were secured for 295 children; and retests for 262 
of these. A room that was quiet rather than sound proof was used for the 
testing. 

External otological examinations were made for 282 of the children by the 
same physician. The examination in every case was given within a few 
weeks of the hearing test, Conditions of the tliroat, car canals, tympanic 
membranes, nose, and teeth were noted. 

The Progressive Achievement Testj a7id Gates Prhnary Reading Test, 
Types 1, 2, and 3, were used to. determine level of reading, The Progressive 
Achievement Test was given to Grades 2 through 6, and Gates Prijnary 

4t wan also re-chccked by Bureau after the period of testing and found to 
have remained well within the accepted margin of accuracy. 
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Rcatiiiiff Test to tlic first ifradcs. A total of 2H7 c:Inl<lrc*n. 1+5 mains and 
144 females, were Riven tliese tests. Ditrreirs .inaiym of Rratiiuff Diffinilly 
was then Riven to those cliiKlrcn ihnjuRli the Rrailcs whose readinR tiunticnts 
were lower than lOO. Nincty-ciRhc eliildrm were Riven the analytical test. 

Statistical treatment of the data <ihtaiiiril in iliis inmuirr ri^vt-.ils siRnificant 
infonnatioji. 


Ciiii-imKK'N AumotmAMS 

A study of the thresholds of amlihilily >hi»Wh that children (if an ordinary 
school population vary sienificanily in their to hear andionieter tones. 

A child's acuity may vary from one tone to iiiuuher, and from test to retest. 
Children as a group hear some tones heller than other tones. Correlations 
between left and right car show varyhiR deRrecs of similarity at liic diUcrent 
frequencies, Left versus right car correlations vary from :i low of ..^6 fur 
the 128 tone to a high of .58 for the 2048 inne. Apparently^ the acuity for 
the 2048 tone is more likely to he the same hir hath ears llnm is any other 
tone. Correlations between test and retest vary from .58 left ear and ..56 
right car for the 128 tone, to ,85 left ear and .82 right ear fur the 11,584 
tone. Correlations for tlic high tones, heginninR with the +,0',)6, arc liighrr 
for each car tliaii arc correlations for tones hclmv rlic 4,0^16 friajviciicy. The 
first test is slightly better tlian the retest for till freqnencirs, 

Tor the total population combined left and rlglit car inraii senres slaiw a 
steady decline in acuity from the 128 tone ihrmiRh the 1024 i<mei a prii- 
nounced rise at the 2048 tone followed by a drop to aiiproxiinately the 
1024 level at both the 2896 and +096 tones; and a steady decline from the 
5,792 through the 1 1,584 tones. 

For the 4096, 5792, 8192, and 11,584 tones girls hear better than hoys. 
Their hearing scores arc less variable than are those for the hoys for tones 
4096 and 5792; but more variable on the 2048 tone. 

In order to reduce the number of variahlcii to as few as possible a factor 
analysis was done of the hearing scores on the 10 tones, 'I'his analysis re¬ 
vealed three significant tone regions: low, medium, and liigli. 'I'liis of cour.sc 
suggested that factors associated with loss at one region might he connected 
In no way with loss at either of the other regions—that is, factors miglit 
be operating independently to bring about low, incdiuni, or liigli-tonc loss. 
Scores for the 128 and 256 frequencies, both cars, were summed for the 
. low'tonc factor score, A ; loss at the 2048 and 2H96 frequencies, Imtll ear.'i, 
were summed for the medium-tone factor score, /i; and loss at the HI92 and 
11,584 frequencies, both cars, were summed for the lugh-toiic factor score, ('. 
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Reliiibility coefficients for these three factor scores were: A .91; E .92; 
C .93. The At B, and C factor scores provided the basis for subsequent 
stud/ of hearing loss in relation to age, sex, otological clefectSj economic 
status, and reading attainment. 

The differences in mean loss and variability for the population studied 
show that significant differences exist in mean loss and variability at the 
low, medium, and high-tonc regions. There is virtual certainty that C loss 
will be greater and the scores more variable than either A ot B scores; that 
B loss will be greater than A is reliable within the 1 per cent limits; and 
that B scores will be more variable than A is reliable within the 5 per cent 
limit. Seemingly, more factors arc operating to bring about high-tone loss 
than are operating to bring about medium or low-tone loss; and conse¬ 
quently it might be assumed that factors associated with high-tone losses are 
more difficult of isolation and study than are those associated with low or 
medium-tone loss. Causes for B loss in comparison to A loss would likewise 
seem to be more numerous. 

Sex differences in mean loss at the low and medium tones are negligible. 
High tone mean loss for boys, however, is reliably greater than high tone 
mean loss for girls, The only reliable sex difference in variability occurs for 
the middle tones. For these tones the girls' scores arc more variable. These 
sex differences suggest that^ while high-tonc loss is greater for boys than girls, 
factors connected with high‘tone loss arc as numerous for one sex as for 
rile other; and while boys and girls hear B tonc.s equally well, more factors 
condition the girls' loss for B tones than condition the boys' loss for B tones. 

The data show no reliable age differences. For the population studied 
hearing loss among children of the elementary grades is independent of age 
for low, medium, or high tones. 

External Otoloojcal Examinations 

A study of the external otological defects was undertaken to account, if 
passible, far some of the differences in audiograms. Tabulations show that 
certain otological conditions arc associated with hearing loss at each of the 
three sigiiificant frequency regions. Children with defective throats and 
defective tympanic membranes have more low-tone loss, 5 per cent reliability, 
tlian children without these defects. Those with defective tympanic mem¬ 
branes liavc reliably more middle-tone loss than children have who are with¬ 
out this defect; and children with defective nasal passages have more middle- 
tone loss, 1 per cent reliability. Defective tympanic membranes constitute the 
only otological defect reliably related, 5 per cent limit, to high-tone loss. 
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Defects of tlie tymp:inic membrnnr btat a hi^;lvly si);iiirwant Tcljumnslnj) to 
general (coml)lncd A, li, ami 6') branny In^s drfeclive and left 

car canal have a rclalionship m Kcnrral hiss within llir I per cent reliability 
limit; and defective nasal passages mid ireth have a rolaliimship to general 
loss within the 5 per cent limit. 

Children in the poorest A, nnd C hearing groups ajid in tlie poorest 
total loss {A, Bj and C conihincd) lieariiiK gr(«ip'( average ntrtre* otnlngical 
dejects than do children in the best hearing group:). ^Ihosc in ilie p^^[|^cst 
hearing eroups average a greater number of defects than are averagrd by 
children in the total populnthiii; and chiblren in ilie hc^'t hearing groups 
average fewer defects than do lli 05 .e in the total popnlatioii. 

When children in the best and poorest Itiw. middle, and liigh-iopc heuring 
groups arc compared for percentage differences, the only reliable difference 
occurs for the best and poorest ftiglMonc groups. The percentage of children 
with defective throats in the poorest C group in reliably {5 per cent limit) 
higher than is the percentage of children with defective throats in the best 
C group. Again when the best and iKWrcst lolaldoss groups arc compared 
for percentage diflcrences, the only difference approaching rcliubiliiy is in 
connection with defective throats. 

Although certain associations certainly exist, the luily relatinnship of a 
possibly causal nature found between otologic,il defects nnd hearing loss— 
for the children involved and within the limits of the siathtieal ircaimcnt 
employed—^is between general hearing loss and the condition of the throat. 
The fact that there arc those nssneintions, however, leads to the sunnisc 
that the reUtionsliip, incidental or otherwise, Joay he of importance to edu¬ 
cation. Factors operating to bring about hearing loss must also he opcriiting 
to multiply the child's handicaps. Matters such as inadecpiatc nutrition, and 
parental indifference toward the correction of dcfccts-^indinerciicc probahly 
stemming from ignorancc-^arc logically among the factors tliru might he 
accountable. Since children from relief families have more general loss 
(5 per cent reliability) than children from better homes this suggestion 
seems more than hypochcticah 

Achievbmbnt in Rhadincj 

Reading attainment was studied in conncctigii with low, incdiiun, and 
high-tone loss. There were 62 cases with reading tiuolicnts from 52 to 89; 
127 cases from 90 to 109; and 98 eases from 110 to 145. 

The mean difference in law-tone loss is negligible for the best and poorest 
readers, but the best have reliably less variable low-tone scores (OR 4.16) 
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than the poorest. The mean difference in middle-tone loss, in favor of the 
best readers, is reliable within the 5 per cent limit; and there is a high 
degree (CR 4.26) of certainty that their B scores are less variable. The 
best readers hear high tones reliably (CR 3.62) better than the poorest 
readers hear them. The best readers' C scores are also less variable than arc 
the poorest readers’ G scores (5 per cent reliability). 

Reading quotient differences for children with the least and with the most 
C loss arc significant. There were 73 children with C loss ranging from 
0-20 decibels, and 73 with C loss ranging from 70-260. The mean RQ 
difference for the two groups is 10.62 points, with a CR of 3.80, which 
shows that the difference although small is highly reliable. In the best C 
group of children only 8 (T per cent) have RQ's below 90, and 36 (49^ 
per cent) have 110 or better. In the poorest C group there are 25 

children (34* per cent) whose are below 90, and 18 (24* per cent) 
whose RQ^s are 110 or above. The CR of the difference in these per cents 
indicates that for a child in the best C hearing group the chances are reliably 
better for him to be an excellent reader than for him to be a poor reader; 
that his chances for being an excellent reader are reliably better than arc 
the chances for a child in the poorest G hearing group. The child in the 
poorest G hearing group, however, has an approximately equal chance of 
attaining excellent reading that he has for attaining poor reading. Definitely, 
kecn^igh-tone hearing is accompanied by good reading, and just as definitely 
some children arc able in some manner to compensate for high-tone loss. 

Since there is lack of evidence as to the relative importance of monaural 
and binaural hearing, ‘hvorst spots” and “best spots” were studied to see 
if there appeared to be a functional compensation—-at least from the stand- 
' point of reading—for loss at the medium and liigh frequencies. Loss for 
2048 and 2896 frequencies, both cars, had been combined for a medium-tone 
score and the 8,192 and 11,584, both ears, for the high-tone score. The 
score of the four at each region representing the least decibel loss was desig¬ 
nated the “best spot,” at B and C respectively; and the score representing 
the greatest loss, the "worst spot.” There were 92 cases with "worst spot” at 
C ranging from 0 to 10 decibels, and 67 cases with the "worst spot” ranging 
from 30 to 90 decibels. The difference in mean reading quotients for these 
two extreme groups is only 9.34 RQ points, but the CR of the difference is 
3,38, a liiglily reliable ratio. This indicates that children Imving a slight 
amount of loss in either car at cither of the high frequencies will have higher 
reading quotients than children with a great deal of loss in either ear at 
either of the frequencies. 
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A compririson of the 'Svursi siuit’' mul ihc spot" nt f,' for the poorest 
and best readers showed that the 'Svorsl hptu*' differmtiates tSie extreme 
reading groups marc rclialily than Joes the \villi critical ratios 

of 3.80 and 2.53 rcspcctiHy, 

While B loss n-as fouitd not to hear mi cIom! .a rdationf'lilp to reading 
attainment as 6’ loss, there was some a^Micialioii and for that reason “hest” 
and '^vorst" 7? spots were ct)iit|nilctl for the rxtrciiu'ly gotid and exlreindy 
poor reading groups. As with (*t the spoi" at // di/fiTeiitiated the 

groups more reliably than *'hcst spot,'* with critical raiios of 2.34 and 1.31 
respectively. These results definitely raise the rjurstion cif Imw miicli imi* 
lateral or bilateral conipcnsation can ho expreted wiili regard to diildrcn's 
hearing. 

Since males liad more liigh-toiic loss that females, and liigli'toue hiss was 
found to be significantly connected wdtii reading attainnu'iit, reading t|iinticius 
were studied for sex dilTcrciKCs. In the total poindation (143 buys and 144 
girls) ( girls' reading tiuoticnts were higher tlian tlinse of the hoys. For 
the latter the mean tpiatient wjut 96.62, while it Ifl7.49 ftir the girls. 
The critical ratio of this dilTercncc >vas 5.H4, a fiigldy signiiicant dift’ercncc. 
In the superior rending groupy 70 arc girls and 2S are hoys. In this group 
of excellent readers the girls' mcaiiTf M.:oro is 15.50 decibels lu-ttcr than 
that of tile boys, with a CR of 2.06 (S per cent relinbiliiy), In the poorest 
reading group 46 arc boys and 16 arc girls. 'Flic mean loss for tlie girls 
in this group is 11,40 decibels greater than for the boys, hut ihe difference 
is not reliable. Thus, in the best reading group the hoys' (J Iiearing ap* 
proaclics the keenness of the girls* in that group more rcliahly than for the 
population as a whole; and in the ivorst reading group tlie girls' C hearing 
is just as poor as high tone hearing of the b^iys in the group—which is not 
true for the entire population. 

In the keenest G hearing groups (loss ranging from 0-20) 25 are males 
and 48 are fcmalcsj in the poorest C hearing groups (loss ranging from 
70-260) 25 are females and 48 arc males. 'Fhe critical rauus of these 
differences in per cents of males and females in tlicsc extreme groups are 
reliably in favor of more girls than boys having keen hearing, anti more 
boys than girls having poor hearing. The difference in per cents of males 
and females having "worst spots" at C that arc keen arc rclialily in favor 
of the girls; the difference in per cents having “worst spots" that arc very 
poor are reliably \\\ favor of more boys than girls having very poor “worst 
spots/' 

From this study it would certainly seem that for the popiilaiioii under 
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consideration high-tone hearing loss is one of the causes of reading deficiency, 
even that poor reading might be viewed as symptomatic of high-tone loss. 
Nonetliclcss there are some children with keen high-tone hearing who fail to 
achieve in reading just as there’ are many with high-tone loss who achieve 
average or above average in their reading. For this reason, the relationship 
that has been shown to exist between reading development and high-tonc 
loss should be considered a phenomenon applicable to group rather than 
individual prognosis. 

Although hearing for high-tones and reading achievement appear to be 
causally related, certain possible explanations for the association should be 
critically evaluated. It has been shown that for the population studied 
otological defects are more prevalent among those with hearing loss, and 
that children of low economic status have more hearing loss than the children 
from better homes. Therefore it seems reasonable to conclude that children 
handicapped with hearing diiTiculties frequently have additional defects that 
may mitigate against school progress. If the child with incomplete hearing 
has otological infections that are a drain on his vitality, if he is under¬ 
nourished and fatigues easily, and if, in addition, his intelligence is below 
normal, his handicaps may be insurmountable for school success. On the 
other hand, the child whose hearing is deficient may have vitality, ambition, 
and intelligence to balance his hearing handicap. The age of the onset of 
hearing difficulties as well as the degree of loss are no doubt further factors 
in determining the extent to which hearing loss Is a fuJictlonal handicap. 
While all of these considerations should be taken into account in interpreting 
the relationship between hearing loss and school progress, they do not readily 
explain why a closer association is found between the high-frequency hearing 
and reading achievement than is found between incdium-frequcncy hearing 
and reading achievement. 

The question has been raised elsewhere in this paper as to whether intelli¬ 
gence as measured by tests might not be connected with high-toue loss. Since 
there is a positive relationship between reading test scores and intelligence 
test scores this relationship seems possible. It is also usually accepted that 
tests of language abilities in general are more closely related to intelligence 
test scores than are other sorts of abilities. Hence, it seems plausible to con¬ 
sider the possibility that successful development of language abilities other 
than reading may be dependent to some extent upon keenness of hearing for 
high tones. Basic to the reasonableness of these possibilities is the fact that 
the sense of hearing is an important medium for learning. The development 
of intelligence itself is affected by the acuity of the various senses. This 
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docs not mean tliat sense aciiiry alidin ^ '.ulluit'iu. 'rran'-latiiin nf sense 
stimuli into jJieaniJ»Kfui assfK’iatioii'i is a cciiiral iilirfuimeiinn. hm accurate 
ttanslaijon is influenced hy tlie cinnulrieiif's*. nf i^rrinlirrai n'sprmso. Con¬ 
sonant sounds arc created hy rclativriy ld>!lirr freimnuy lur^Mire patlrrns 
than arc lllc vowel sounds; they are rclalivrly j^i/irr and arc diss[|i:vietl more 
quickly. In addituinj they carry leliwivcly mnro of the inicUiy,ihility of 
speech and in spoken ICnt'lish they ocrni nmrr olicri iliaii ilir voui-h (24, 
p. J32). 

How much loss for the hit^li (rcqnencies can he Mistainrd witluuu iiiter- 
rupting the precision of liearliiK the ctiri>nna«t lanunU is not kriimn. An 
audiometric hcarinf^ test determines the level of hcarirm ri^pniiM- in rclutifin 
to what is accepted as nuhiial threslujld rrspoiiM’, anil certainly "wp do not 
live in fi World of threshold auiiids." Consonants carry luiwrr 

than vowels, and some consonants carry less than oilier consonants, luit all 
carry pressure that is above thiesliold. 

Evidence that the frcipicncics ahove the 2000 or 4000 levels arc of less 
importance lor the inicrprctatioii of speech sounds than are the frcipiencicii 
beW 2000 or 4000 cycles is based on rcsull*i of arlic.uliui(m tests i^iven to 
ndult subjects under laboratory conditions. For cliildren it is tpnte llo^siblc 
that the lugli frequencies arc of equal or perhaps greater iniportance for 
precise interpretation of speech sounds, I'lic cliilrl is hearing new words 
daily, many ot which carry no visual asMicialiim lor liim. lie may also he 
hearing new words, which, because they are new in his expiTinme. carry no 
sort of associative meaning. An adult does nut rdways need hi hear cnni- 
pletcly what is being said because his experience can fill in iiiiinv sounds 
that his ears miss. Tlic more limited kmiwicdge and cxpericJicv uf the child 
may result in the misinterpretation of sounds that his cars have fiuled to 
distinguish accurately, 

If this hypotliesis is correct—that acute licarijig for the high frequencies, 
because of the nature and Importance of llic eonsoziant sounds, is of more 
importance to the child than is acute hearing for the low and medium fre¬ 
quencies—then the values of the high frequencies For vacabulary and leading 
progress are evident. The signiRcant relationships that ibis .study has found 
bctvveen excellent reading and keen hearing for the high tones and between 
poor reading and high-tone Joss lend support to the theory. 
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DO WE GROW MENTALLY?^ 
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■ TJie results of modern research in the fields of genetic psychology and of 
p53^chology of personalit 5 '^, impressive as they are, appear even more impressive 
when we consider that they have been accomplished without a dear under¬ 
standing of the basic concepts involved. That means we have been pene¬ 
trating deeply a world of facts by using tools the true nature of which we 
do not know. In doing this we resemble the factory worker who pushes 
the button to make the machine run, without being able to say how it can 
run. The two basic concepts which we have been using all the time this MMy 
are development and growth, I have scanned a large number of books which 
employ the terms continually, but I have not found an]' satisfactory descrip¬ 
tion or definition of them. 

The term development is the broader of the two terms. It suggests two 
things: a continuous process leading from a less to a more complete stage, 
mostly by way of intermediary stages, and secondly, a rise in value from a 
lower to a higher level. The term growth, while it carries the second feature 
in about the same manner as development does, gives a very specific inter¬ 
pretation to the first feature* The process leading from a less to a more 
complete stage is understood as a process of self-development; that is, the 
seed develops into a tree in n way in which the influence of environment Is 
very secondary to a force coining out of the seed and directing what we 
call growth. From Aristotle’s entclcchie to Bergson’s elan vital, we have 
labored to understand this mysterious force- Sometimes we have deceived 
ourselves by feeling content with giving it a new name. Other times we 
have denied its existence and have tried in vain to replace it by mechanistic 
cause and effect. There is no need for us in the compass of this paper to 
enter the debate on the nature of growth. For this paper is mainly devoted 
to the task of demonstrating that growth (and development) do not take 
place in the mental field except in minor phenomena* So the detailed inter¬ 
pretation of growth is irrelevant to our discussion. Before we go into the 
discussion, tlie curious reader may ask why, if otn* contention is true that 
there is so little growth and development in the mental lield, both terms 

*Receivcd in the Editorial Office on April 7, 1946. 
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Imve hccn usctl so proJiistly. TJic answer is plain: Hoili terms luive tlicir 
legitimate places in the field ni hioliiKy, and hrcavisi^ the body is intimately 
coiuicctcd with the mind, terms of the niie field have been applied to phcimni' 
na of the othcr^ particiihulv in cases of psyclmlngisls who i|cny a diFfercnce 
in the nature of the two fields. 

In the rcnliii of intelligence the lw«> terms liavr hern used very widely, 
nininly because tlie phenniiicnoit 4if knnwlcdge has hrirrrd the view at the true 
facts. I like to start a discussion with a coinhinalinu uf dc/initiiins of intel¬ 
ligence by two oS the finest stmlenls of ilie snld*‘^^ iLlmnidikr ami Spear- 
mad. While Thorndike defines iiUelligonce as a eomhinalioii ni learning 
and memory, Spearman defines it as a grasping of relationships. Substituting 
karjiing by the more descriptive term "grasping nf relationships," we would 
say that intelligence consists of grasping nl reliitionships plus inrinory. AVIu'n 
We grasp relationships and entrust them to meinorv, we aapiire knowledge. 
The place of knowledge in the field of intelligence is a very interesting one. 
It is very cleiuly n result of the uiic of intelligence, nor a part of intelligence. 
AVe can accumulate large aniouius of knowledge withimt any need for 
development or growth of our abilities to grasp or retain relatiDnships. 
Furthermore, the older child will be aide to absorb nioie ktunviedge than 
the younger one for a very peculiar aspect of knowledge Avliidi we call frame 
of reference. We see the two-year-old child having leariifd about dOO jiew 
Words a year, and the six-year-old chib! having learned twice as iuul'Ii, and 
We marvel at the apparent development of iiHctligmce, wium we should 
realize that all that makes the difference in performance is the difTercJicc in 
the size of frame of reference. How much more mental effort docs the two- 
year-old need to understand and retain completely or almost cnmpictt'ly rtew 
words, wlicn the six-year-old in grasping a "new" word is reminded of a 
number of others similar in sound and meaning. How luucli “newer" is each 
word to the smaller child! 

What is true in the field of language is true in all other fields of intelU- 
gcncc. The whole process of learning is nothing hut a process of contijuioiis 
application of the same intelligence to an ever larger field of facts with 
mounting success because of the increase of knowledge along with the growing 
frame of reference. Two specific phenomena illustrate our case, Some 
psychologists like Piaget and Goldstein have stressed tlic difFerence In'twcen 
■ concrete and abstract thinking. AVhilc it is true that they are pointing at 
extremely important fads in the field, they overlook that cuncrete ami 
abstract thinking arc not different successive stages in the development of 
thinking, but are common aspects of any ease of thinking. The most prlini- 
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tive thought of the child has both aspects, as well as the intricate thought 
of the scholar. The small child seeing his father and txdaimifigj "This is 
daddy 1" puts this man in front of him into a class to which the daddies of 
yesterday, of a week ago and of a month ago belong, and can do this only 
on the basis of a good piece of abstract thinking. The only difference between 
the child and the mathematician who studies calculus is a difference in the 
size of the frame of reference. How much do we have to learn until we 
are ready for calculus I The discussion of abstract thinking gives us an oppor¬ 
tunity to dear up a possible misunderstanding: does the fact that our intelli¬ 
gence does not grow, that the only thing becoming larger Is our knowledge, 
indicate that everybody can study calculus? Not at all! Differences in 
native intelligence may still exist and may be a decisive factor in our attempt 
to learn calculus. Thus there is no need to assume that this intelligence 
must grow. 

A phenomenon beside concrete and abstract thinking that is very helpful 
in clarifying our point is the phenomenon of capacity and ability. Wood- 
worth says capacity is what we are able to do, ability is what we are ready 
to do. Do the facts involved force us to accept a development wJiich ad¬ 
vances from a state of capacity to a state of ability? I may have tlic capacity 
to understand calculus and yet never acc^uire the ability. Do we need to 
conjure up here a mysterious process of development, or is it not enough 
to say that wc never acquired the frame of reference necessary to tackle 
calculus? A capacity becoming an ability docs not grow, an ability is nothing 
but an applied capacity, and application is possible if the required frame of 
reference is available. 

To summarize our discussion on intelligence: intelligence does not develop 
or grow, knowledge increases. All that happens through our lives is a 
greater and greater opportunity to apply the same gift. While the picture 
that wc receive of intelligence this way may appear static as a whole,, it does 
not lack the dynamic features. For it will depend very much on factors 
such as interests and will power and opportunities and health how much 
and how little wc will use this “static'^ intelligence, and for this reason the 
life story of two persons with about the same intelligence may look Very 
different, even if intelligence is robbed of the element of growth. 

In regard to our discussion, the role whicli knowledge plays in the field 
of intelligence is pUyed by secondary motives in the field of motivation. 
As the acquisition of knowledge in the field of intelligence suggests a 
development that does not in reality exist, so in the field of motivation 
secondary motives and their constant change during the lifetime of man 
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make US believe in a development that is l)dic(l by the uiichanKint; existence 
of primary motives. To illustrate our point: the priinary motive of social 
prestige, appearintj early, may be satislied first by the reali/ation of the 
sccoiidsiry motive nf striving to outdo brotlier ami sister in tlic family circle; 
then by trying trr make good grades in school, bdlowcfl by striving for the 
captaincy of the football learn nr the b‘:idrrslnp of the gang, replaced later 
by the attempt to date the prettiest girl, finally by reali/ratimi of the scLVjndury 
motives of adulthood, c.g., striving for making niucli money or anpiiring a 
high position or becoming president of Rotary fiiiermitionab *riie life story 
of an individual can be largely told by the history of his secojidary motives. 
But docs this imiicatc mental develo]iinent? Compared with tlic primary 
motives, secondary motives arc tiolliing hut means which wlicn reali/.cd help 
realize the primary motives. And tliest* primary motives remain nnclianged. 
Again as in the case of intelligence the picture h one of imich dynamic 
change on the surfaccj aiul of static changelessniss at hoUnm. It is the great 
acconiplishmcnt of McDougall and of Freud to have stressed the unaltered 
nature of primary motives from childhood to old age, and the fact that 
the detailed description of single motives by these authors often is very inade¬ 
quate should not prompt us tu discount the grenlncss of tliat accomitlisl)iui*nt» 
The contention that primary motives do not change is iiol refined by the 
fact that some of them appear long after birth. All the surprising discoveries 
ill tile realm of prenatal mental life .should caution us against making too 
much of a fetish of the event of birth in the life of the iiulividmil. The 
salient point for our discussion is that when some iniiiiary moiivcs make 
their first appearance later, they do not appear as a fruii of a long devclnp- 
ment, but turn up ready as Pallas Ailieiie from the head of Zens. It is 
inteicsting in this context to look at the sex motive. 'Phe genuine interest in 
the other sex avi^akens in the adolescent accouipimicd hy hixlily maturation. 
Bodily maturation confuses our view and makes us imagine a parallel mental 
development. A phenomenon with much hearing on this part of tnir dis¬ 
cussion is the disposition for primary motives. A primary motive may he 
present for a long time only in a latent way, as a disposition, and it requires 
favorable circumstances to transform the disposition into an actual primary 
motive. We arc prompted to assume the existence of dispositiniis in the 
period preceding the actual existence of primary motives, hccaiise uiulcr 
identical circumstances a certain primary motive may arise in one individual 
and not in the other. But, and this is the point revclant to our discussion, 
the transforiuntion of a disposition into an actual motive is ns litLlc an evi¬ 
dence for mental development ns the transformation of capacity into ability 
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is in the intellectual field. In both eases wliat was latent becomes actual 
without any resort to time. 

In the interpretation- of motivation, intelligence does not only furnish 
elucidating parallel phenomena, it itself plays an important role in the field 
of motivation. For the choice of second.ar 3 '^ motives is determined by the 
intellectual knowledge we have of our environment. The boy who wants to 
realize the primary motive of social prestige sees that In Ills present setting 
the best way of doing it is by the realization of a secondary motive, namely 
by striving for leadership in the gang. He has acquired the knowledge that 
that would give him the maximum of social prestige among his mates, while 
this boy, liaving become a man, in order to satisfy the same primary motive, 
will strive for the presidency of Rotary on the basis of new knowledge, So, 
we see, it is the acquisition of luiowledgc that not only takes the place of 
genuine mental development in the intellectual sphere, but is also responsible 
for most of the surface change in the field of motivation. 

What we have learned about the role of mental development in motivation 
in our general treatment of motives, will be corroborated when we look at 
two more specific aspects of motivation, at its moral quality and at the 
phenomenon of wilU The moral life of man is an up and down of victory 
and defeat. When altruistic and egotistic motives clash in us, and the 
altruistic motive becomes victorious, victory gives so much satisfaction be¬ 
cause defeat was a possibility, and the stronger the possibility of defeat Is, 
the stronger is the satisfaction of victory. The lack of efforts in successive 
victories of the saint, if there is such R man, weakens the meaning and 
strength of a moral decision. In the lives of less saintly humans, the moral 
curve is irregular and zigzag and void of features which would suggest 
continuous development. This Is also true in regard to the human will. (The 
students of motivation who deny the existence of the human will as a 
phenomenon ^enen'r and try to reduce it to a part of thinking, emotions, 
actions, or motives may wish to skip the nc.xt brief passage because the scope 
of this paper forbids lengthy statements necessary to disprove tlicir point.) 
Will does not develop either. This may be bad news to the owner of a 
weak will who is much concerned with the gradual strengthening of his will, 
If will does not grow, all that he can do is to find tasks suited to the size 
of his will, and this may prove as effective in a practical manner as a genuine 
development of liis will power would be. But there is a great theoretical 
difference. When the owner of a weak will knows that he can tackle a 
certain difficult task with his will because he has a strong interest in this 
task, and that he cannot do another task of similar difficulty because he 
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lacks interest in it, then* nn llic basis <>f liis kiinwlcJi^c, lie will dioosc the 
first task. Interest is only one ol a niimhrr uf heuyx^ influentinir the use 
of wfll. IJut in esse of all of thri» the ipicrease of knowJciJL^e Jnakes ns fall 
prey to the illusion of dcvehiinneni opeiatin^ in the fielil of will. Knowing 
when and how to apply our will is the whole story. 

I3y now the reader may have bectinie wary of plicnnmriia whidi L:re:itc the 
delusion of mental development altlunij^h by their very nature they have 
nothing to do with it, 'I'liercfore, he will no longer he surprised to find a 
similar situation in the /icki of emotinns. Kiiiotions- do iiot gnnv, 'I'Jic! story 
of emotions in the course of an individual's life is priiiiaiily the story of the 
expression of emotions. In the society in which we find ourselves we learn 
that the expression of many emotions is taboo, and that in the ease of other 
emotions only a mild expression is desired. We may not express fear, hatred, 
anger, jealousy at all; we may show only weak rxpressions uf miiiiy types of 
affection or of pride. Due to the great strength uf many emotions, many 
iiidivicluals arc learning here the hard way, and arc spending large sccciiuis 
of their lives with efforts in that ilircctinn. lUu licrc again, I'hc emotions do 
not develop, all change refer.s to their exterior expression. And here again 
as in the ease of motives and of will it is the increase of knowledge that 
holds the place, erroneously given to mental development. "We are aciiuirlng 
more and more knowledge about what uiiv society rctiuires ami we are. apply¬ 
ing this knowledge to our ways of expressing our emotions. 

In summarizing our analysis so far, I would state: As intelligence, moti¬ 
vation, and emotions cover the larger part of the mind, it appears that wliat 
we wrongly call mental development is the story of application of our un¬ 
changing mental gifts, like intelligence, motives, will, ami emotions, to ever 
changing tasks on the basis of increasing knowledge. We receive the picture 
o£ a mind that changes only on its surface. 

If 1 would stop here, the picture would lack important fciUiirts which 
continue to bring out how far from the truth an interpretation of mental 
life in terms of mental development is. While I li.ave analyzed so far 
phenomena which reveal the absence of mental development, I sliall deal 
now with phenomena winch not only demonstrate the ahscnce of mental 
development, but sltow even a clear tendency to arresting any such tievelop- 
ment or a tendency to making impotent part of our mental gifts. 'J’lie first 
tendency is present in habits and beliefs, two important factors in our mental 
household. The function of habits in our lives h to do away more or less 
with the only faint vestige of mental development which we were aide to 
find. We establish liabits in order to escape tlic time- and effort-consuming 
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procedure of applying our mental gifts to new tasks on the basis of increased 
knowledge, With the help of habits we deal with new tasks on the basis 
of old knowledge, and in ways in which we dealt with similar tasks before, 
Observing the discrepancy between new knowledge that we should use for 
mastering new tasks, and the old knowledge that we use by way of habits 
we sometimes squirm under the tyranny of habits. J3ut generally we rest 
satisfied with not being called upon to meet a new situation with new means. 
How strong this inclination to stagnate is in man, becomes even more evident 
when we analyze beliefs. I like to use as an example the type of beliefs 
which we call prejudices. The core of each prejudice is two steps of crooked 
thinking. Swayed by emotions we make first an unjustified generalization, 
taking traits of single individuals as traits of a group, and after we have 
done this, wc interpret the behavior of new members of the same group. 
First wc see three negroes being shiftless, then we conclude all negroes are 
sliiftlcss, then we interpret the slightest intimation of shiftlessness in the 
actions of a new negro as a striking confirmation of our prejudice, or if 
wc find an industrious negro wc make light of his industry and treat him 
as an exception. While habits only prevent us from applying new knowledge, 
beliefs prevent us from the acquisition of new knowledge, and so, in vie^r 
of the large functions of beliefs in our lives, impair considerably the im¬ 
portance of knowledge, and yet, "We have seen, knowledge is the only factor 
which makes for some kind, of mental development. 

AH the many phenomena which demonstrate our inclination to make the 
use of mental gifts impossible lead us even farther away from mental 
development. The case of moral decisions is much more a case of keeping 
the evil motive from becoming realized than it is a case of realizing the 
' good motive. Moral life as a whole presents man as consisting of an evil 
and a good part, and his task all through life is to prevent the evil part from 
taking the lead, Here more than anywhere else a notion is led ad absurdiirn 
'which the concept of mental development has often suggested, namely that 
there is harmony among the gifts which make up the mind, that all of them 
are only waiting for being developed. The true picture shows just opposite 
features, the various parts of the mind arc put together very inharmoniously, 
and one can be established permanently only at the expense of the other. In 
other words: nothing develops, something is kept from developing. The 
some aspect which wc find in man's moral life also i.s presented in habits. 
The establishing of good habits, another large part of our business in life, 
ill reality is not the positive activity the term would suggest, but is pre¬ 
vailingly the negative activity of uprooting poor habits. Having uprooted 
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tlic poor habit usually means having set up t/ic i^ood lialu’t. Wp. trike away 
more than we add. The same holds true witii cmiilions. We ftnind before 
that the only fact here wliich is imiicative of ilcvelupiTient has to do with 
the expression of emotions. Hut as \vr have seen, even mir ireatmeiu of 
expression of emotions is more in the direction of clicckinn undrsired forms 
of eA'prcssion thai? <)/ wicourrminjr nrw drsirahJc /onus. 'J'his is also tnie 
in onr dcalinits with emotions tlieinselves. Heeanse sMcieiy ili^approves, we 
do not want to have emotions like fear> hatred, jealmisy, self piiy, ami we 
try to get rid of them. Into the vacuum Icfi hy tlieiu the ile.sirahle I'mminns 
pour in. The discussion of the ways in which vve eliminate undeMralile cmn- 
tEoiis opens up anotlier wide field of itlienniuena which hclie the tnitli of the 
concept of mental development. We try to get riil of them, first hy sup¬ 
pression, and then a large part of our mental cH'orts is rhvoted t(j attempts 
at keeping them dmvii and mamiamiiig a preciiniN hahjiJcr. 'J'lu* host of 
phenomena like frustration, regression, infaiuilisii^ inferinrity complcv, pro¬ 
jection, rationalization, defense mechanisms, etc., hears telling wiiiuss to 
the intensity of the fight in which we arc engaged line. 'J'hii strain, so 
characteristic of our mental life, is the conunnn residi of all of thi'in. Last, 
but not least, among the many indicators of negative and not 
development we find iiuapination. How far a cry it is from ilu* complete 
devotion of the small child to an entire world of imaginaiinn (a devntii)n 
so complete that the imagined world is the real world h/ j)ie child) ii? die 
suspicion with wliich the adult lookii al the miscraldc shreds of imagina¬ 
tion [eft after his violent battle to stamp it oiir, so violent a battle 
because he thinks it will sap lu's strength in ifie sirugglt' with the hani facts 
of the real world. Again we destroy, we do not develop- 
Our discussion of lucinal development would he incomplete without 
including a treatment of tl\c concept nl imuiirc persuiialily. I'p to now we 
have been mainly concerned with the aspect of devidopmciu wliicli, at the 
beginning of this paper, I presented as iis fir.st feature, namely, <levtdopment 
being a process from a less to a more complete stage. 'Llic term maturity 
of personality (and its opposite, immaturity, perhaps even more) connotes 
more strongly my second feature of development, the value feature which 
holds that development means a rise from a lower to a higlicr level. Imit 
our treatment of the mature personality it will he pioruahlc to lake Allpori's 
study of the subject as a basis since it is the nuisi thorough study 1 know, 
He considers intGlligenc planning for the future, a unifying philosophy of 
lifcj and scJf-objcctificfition earmarks of n inatiirc person, It looks Ui me 
as though nil three of them fit perfectly into our scheme of applicaiion of 
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OUT gifts to new tasks on the basis of increased knowledge. The difference 
between a mature and a less mature person is a difference of degree of knowl¬ 
edge. The mature person has reached the point in acquisition of knowledge 
where he can tackle almost any new task which may turn up in his world, 
He is able to plan intelligently for the future because this future very 
probably will not hold problems which he could not solve on the basis oi 
his present knowledge, and for the same reason he can develop a unifying 
philosophy of life. The third feature of Allport's mature personality, self- 
objectiheation, has its basis in a similar sitviation. Because the mature per¬ 
sonality knows so much, he cannot overlook his own limitations. Being 
able to appraise possible tasks and the gifts of his fcliowman, he cannot fail 
seeing his inability to accomplish some of the tasks, and his inferiority to 
some of his fellows. Thus all those characteristics of mature personality, 
and mature personality itself, are not fruits of a development of the mind 
as a whole. All parts of the mind but one have remained unchanged, and 
the one that has changed, namely knowledge, is a very extraneous part. This 
is the basis of maturity, and after having said that much, I am ready to 
admit that in a mature person certain attitudes have undergone a change. 
A mature person does not jump into a new task with two feet, warily he 
consults his knowledge first; a mature person does not try the impossible, 
and a mature person is capable of looking at himself with humor because he 
realizes his limitations. All such attitudes distinguish him from the imma¬ 
ture person. But all of them, it is easy to note, stem from the increase in 
knowledge that forms the foundation of liis being a mature person. 

We have tried to show that the concept of mental development (and 
growth)j so widely used in modern psychology, should be used with great 
caution, as it applies only to a restricted and extraneous section of the mind, 
while a much larger section of the same mind abounds in phenomena of a 
nature indifferent or hostile to the concept of development. 
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LATERAL PREFERENCES OF A GROUP QF MENTALLY 

SUBNORMAL BOYS^ 

Dep(irtme7ii of Psychology, College of the City of Ncfio York 


Alexander Mintz 


Incidentally to research of a different nature, the handedness and sighting 
preference (often called “eyedness" in the literature) of a group of boy 
inmates of an institution for the feebleminded were determined. The distribu¬ 
tion of the lateral preferences was markedly different from those generally 
obtained with normal subjects; it had features in common with distributions 
obtained with various abnormal groups. The work was done in the early 
part of the year 1931, and an incomplete analysis of tlie data was reported 
at the meeting of tlie New York Branch of the American Psychological 
Association in 1933. Inasmuch as a survey of the literature indicated that 
the results arc not out of date, it was thought that publication of the material 
would be desirable, 


Subjects and Procedure 

The subjects of this study were 97 boys from Letchworth Village, a New 
York State insticiitioii for the feebleminded. All of them attended the school 
maintained by the institution. Their ages ranged from 7 yrs., 11 mos. to 
17 yrs,, 3 mos.; their Stanford Binct ranged from 47-87. The distribu¬ 
tion of the IQ*& was as follows: 

Below 50: 2 

50-59; 18 
60-69: +7 
70-79: 22 
aO-S9: 7 

C/l not listed. MA 9 yrs., 3 mas.; 

The bo 3 's were generally tested within two 3 'cars of the survey. The 
presence of a large group with /(?*s above 70 at an institution for the 
feebleminded seems to be largely due to the fact that many boys are emo¬ 
tionally disturbed when the question of their institutionalization comes up 
and test lower than some weeks later when adapted to institutional life. 

*Reccivecl in the Editarial Office on June 10, 19+6. 

’Sixteen yeai'3 was used ns CA in the computation of the of the boys above 16. 
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jnt,7lVAl. tlF CiFVFTir rSVCIlflJ/WiV 


Tlic iinconscinus prffi'rrncc of llin bi>y-4 \v.u cirtnrmincd by a 

method ahiio.st itlcniic.il w'iih ilic niic rrptirted hy ^V. R. Milrs (12, 13). 

Funnels of thin cardhoarrl usrcl, approxinutrly conic.il in shape 

when opened, identical in sis'r and shaiic with Miles' /'-M;o|Kr. Tliry Jiad iq 
he held in two hands and compressed in order lo he opened. The subjects 
were shown the proper way (o ludil the fuiineU and were asked to look at 
objects held by the cxpcrimeiilcr and t« rmiiir ilim*. 

As pointed out by Miles (l.l]» even iiUeJJeciiially superior Mihjcets prac¬ 
tically never rceOKuize that they lii^hl tvitli one eyr only when lo<pkinp; at 
ft fairly distant ohjetl ihrouj'li ilic fuimch 'Fhe rvprrimcnter can readily 
determine the sighting eye hy observing the subject, foii'vetulivc trials 
were used in most cii^^s, more than six in six instances, four in one case. 

Tile handedness of the boys was dcicmtmcd in terms of iheir answers to 
the riucations, which liand they used in writings throwing a hall, hatting. 
They were asked to show the band. In one ease the testimony of the athletic 
director was used, In addition, most of the swbjccis were asked lo write with 
both hands and to tltrow a baseball to the cxpcrinvcntcr, outdoors or across 
a large room, first with one band, then with the other- 


Results 

The results of the sighting preference tc&ls arc prcscnled in 'Fable 1, 


TAUL15 I 


Number gf (imes (he «qh|ec(. ai^hlcd 
Kiglit eye Left eye 


^viiU 

Number of •nihjeciN 


6 

5 

6 OT S 
+ 

5 □r4 
3 
2 
+ 
i 
0 
0 


0 

i 

1 

2 
3 

3 

4 
9 

S or 7 
4 
6 


31 

3 
% 
8 
2 
•r 
2 

1 

2 
1 

4 


Total 97 


The frequencies of various combinations of sighting preference and hand 
preferences in various activities are presented in Table 2, Hoys using the 
same eye each time, with no more than ojic exception, arc listed as right- 
sighting or left-sighting respectively, the remainder as sighting with either 
eye impartially. If the boys sighting with the same eye in more than two- 
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thirds of the trials are included in the right’Sighting and left-sighting groups, 
slightly different totals result, 


TABLE 2 

Number of boys In various hand-sighting eye combinations 



R= right 


L=-Ieft 

E- 

= eiLlier 


Writing 

Throwing 

Butting 

R-sigliting 

L-sighting 

E-sighting 

Total 

R 

R 

R 

27(29) 

29(30) 

15(12) 

71 

R 

R 

None or 

2 

1 

1 

4 



no record 





R 

R 

L 

1 

1 

1 

a 

R 

L 

R 


2 

I 

3 

L 

L 

R 

1 



1 

R 

L 

L 

1 

5 

1 

7 

L 

L 

L 

2 

6 


B 



Totals 

34(36) 

44(45) 

19(16) 

97 


Percentages; 3S.1%(37.1%) 







45.4% (4C,4^0) 




19.6%(16.5%) 


Boys were classified as right handers if they wrote, threw, and batted 
right handed, as probable right handers if they wrote and threw right handed 
and did not play baseball (only 3 out of 74 right handed tJirowers who 
played baseball were left handed batters). The boys using the left hand in 
throwing and batting were classified as predominantly left handed, the right 
handed writers among them as retrained left handers. This was done because 
there was dear evidence of strong social pressure in the direction of right 
handed writing in the figures. All right handed throwers wrote with the 
right hand while only 9 out of 19 left hand throwers wrote with the left 
hand; all but one of the right handed batters were right handed writers, 
only eight left handed batters out of 18 wrote with the left hand. The boys 
In whose case there was a discrepancy between the tlirowing hand and the 
batting side were classified as mixed handedness cases,.mainly because there 
seemed to be little difference between throwing and batting as indicators of 
handedness. The percentages of right handers, left handers, and mixed cases 
thus defined were 77.3 per cent, 15,5 per cent and 7.2 per cent. 

The number of boys whose hand preferences and sighting preferences 
coincided was 35(36.1%) if only the pure left handed were counted, 
40(41-2%) if the retrained left handers were included, 42(43.3%) if the 
impartially sighting mixed handers were included. 
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Results Comi^arf-o to rREvun'si.v RiiiroRTErt DisTRinuTios's of 
IIanijEUNKKS AKII Slf;ilnS‘Ci rKKl-fiKKNCE 

These results differ cnn^'ilernldy iroiri the rrMilts nl Miiiilar siudies con¬ 
ducted by other iiivcsliiratars with norninl i^ulijrcts. 

1. As compared to tiormal groups, oiir Mibnurnml cojitalns inudi 

Icwct riglit'SightinK individuals, mure Imy^ si^lMhi^; U'iili the Irfl rye, several 
times ns many boys .MKhlitifi iinpnrtially* ^I'nldr } prc^riws the periTeiiinKcs 
of sighting prc/crmccs re|>ofled by a luiinbrr of ioveMignlors- 




TAHI.K 

5 

t •• . . .r ^ 



I t . 

ImpaiL 

N Miniver anil lypc uf 

Aiithof 

jiiRhuTiK 


^iulitinK 


pQrftoil (17) 

69.3 

29,1 

1.1 

VI I* S diildren 

Miles (12) 

66 

31.5 

2.5 

205 .Vlbr., mnMiy Mipcr. adults 

Miles (12) 

67 

3U 

3 

172 P S children 

Cuff (3) 

62.7 

34.7 

2.7 

75 V S bi)y« 

CulF (3) 

62 

22.5 

I5J 

71 P S girh 

Qulnnn (19) 

73 

25 

1 

2331 Univer'^iiy MiuWniR 





read ulF nra|>IO 

Etlldrclh (S) 

56.2 

36.6 

6. It 

191 PrhMte S* lund iliildrcn 

ksUk (10) 


UiA 

7.» 

Si2n cft«vc«, iyi»c mit 

Trnvis (23) 

n 

22 

5 

55 iinrnul prupk 

ScHancll (20) 

63 

29 


75 fhildrrii 

Jolinmn k lfou!'c (111 

42.'V 

5T.S 

3 

33 P S childfcii 


The percentage of right sighting in our group is only abniit fuilf to two- 
thirds ns large as the general run of percentages oiitained tvitli niirmnl 
subjects; 16,5 per cent, our percentage of iniprtriial sighting h seV'cral times 
as large as the normnl perceiitngcs, only one of llirm luiiig larger thnii 
10 per cent. The percentage of left sighting bcjjs is larger tlian was found 
in any of the normnl groups with exception of one very small oiu'. 
■unusunl distribution of sighting preferences in our group cannin be attributed 
to nvictviafcions of tanclom Sampling; the hypothesis ihni our subjects and 
e.g., Ja&tak's subjects arc two random samples of the same homogeneous 
pupuktian is readily disproved^ the corresponding chi'Stiuai'c being 
■ giving for two degrees of freedom a P less than .OL 

In order to study the matter further, the distributions of sighting prefer¬ 
ences for boys with IQ's of 70 and above, GO to 00^ and bclu\u 60 were 
compared. No significant differences emerged. 

The distribution of sighting preferences in our group of intellectually sub¬ 
normal boys is rather similar to n. number of distributions obt.iined witii 
subjects selected on a basis of presence of various kinds of abnormal behavior, 
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such fis stuttering, reading difficulties, and reddcss driving. Table 4 presents 
the distributions of sighting preferences of subjects exhibiting various mal¬ 
adjustments. 


TABLE 4 


Aiitlior 

%R 

sighting 

%L 

sighting 

% 

Impart. 

sighting 


Number and type of 
subjects 

Trnvis (23) 

50 

45 

5 

+8 

students 

Biyngelson (2) 

32.4 

57.3 

10.3 

700 

stutterers 

Milllsen (14) 

50 

25 

25 

23 

stutterers 

Jasper (9) 

54 

21 

25 


stuttcrei’s 

Spndino (21) 

56 

37 

7 

70 

stutterers 

JoUnson jind Ho\ise (11) 

57.6 

36A 

6 

33 

children with articulatory 
disorders 

ScliGLiell (20) 

51 

+5 

4 

73 

poor renders, children 

Hildreth (S) 

S+.5 

40.9 

+.6 

22 

poor renders, children 

Gilkey and Parr (6) 

46 

50 

4 

50 

children, revers.ii errors in 
reading 

Wolfe (26) 

61 

39 

0 

la 

children, reversal errors 
and retard, reading 

Wile C2S) 

30 

62 

& 

so 

problem children, reading 
disability 

Quinan (IS) 

45,6 

45.6 

8.5 

70 

const, psychop., alcohol., 
drug add., psychotic, 
feeble-minded 

Quinnn (19) ca.4S 

ca. 4S 

7.4 

121 

reckless drivers in Traffic 
Coiict (figures rend oT 
graph) 


The percentages reported by the various authors differ to a marlcetl extent, 
wliich is partly but not wholly due to tlic small size of a number of the 
groups of subjects. The reasons for the wide variations are not clear. 
Nevertheless, the principal characteristics of the distribution of sighting 
preferences in our group of subnormal boys, a low percentage of right sighting 
and a high percentage of impartijil sighting, have been repeatedly found in 
other abnormal groups. 

2. It is difficult clearly to establish the significance of the distribution of 
handedness in our subnormal group, in view of the varying definitions of 
handedness and the frequently incomplete reports of the data in the literature, 
Nevertheless, the incidence of left-handedness appears to be increased in our 
subjects, 15 individuals (15.5%) being predominantly left-handed. This 
percentage agrees closely with 18.2 per cent, H. Gordon's (7) percentage 
of left-handedness^ among the children in the London schools for mental 
defectives. Most reported percentages of left-handedness in normal popu¬ 
lations arc considerably lower, generally between 4 and 9 per cent. For 
example, Gordon (7) found 7.3 per cent left-handed children in London 
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clcnienUry scl»nnl>; Quin^ii (I**) 7-^ rcnl Irfi-luiulpfiiir^^^ in a group 
ol 2331 college slurlrn»s; Palinrr ( \h) rrjfHiTl*^ as ihr per crnT nf Idt- 
liandccl throwers aciiuiig 100,(HID pcnplt rxaiiimrd in O'Conmir's Idioratory ; 
Stromherg nntl Strnniher^ (^2) hiund 4.4 prr erril nmoiig 156*^^ university 
faculty HWiubcrik; Ojcmiinii (I'*) rduaincd ^.2 prr cent left haailnliirss among 
5IS school cliiltireii, AHsuinnig llinl K.3, tlir l.irgrM luir iil' ilir alinve figurcn 
represents the irijc pcrcciiljige of lcfl-handr«lnr'‘=’<, pcicriilagrs in randniti 
sjiiTiplcs of the si^c of nur gmup. drawn from kiicIi a pfiiuilation, *«liuiild he 
approximately normally distriluitcil with « stainiarj error of 2.7 1 lie clif- 
ference between our percentage of predmninani left liaiidrdnr^s aiul 8.3 pec 
cent is 2.G7 times this staiulanl error, or hiuldy siuniheani in R. A. J^'hlier's 
terminology. It is not aUogctlicr clear what the liiglicr prreeruage^ of kit- 
handedness occasionally reported in puhlivlwd 'innlirs arc duo In; Dnwncy 
(5) quotes several such sludios in Iwr rrview. 

Seven buys in our group had mixed liauJ preferoncev. Stvouly-onr hoys 
(73.2%) were riglit-h.indcd un all three of our le-ls- 'Dir percentage of 
right-liandcdncsa in our group was lower than is usually reported in the 
literature [e.g., Ojemann (15), 92.4%; Ilildreili (H), 88.5',i ; Hryiigelson 
(1), 83%]; even tlic incliisiciri of all riglit handrd ihrinvers in the riglu- 
liandccl group only raises the. percentage up to 80.4. ’The there hoys listed 
fis writing and batting right-handed but throwing lefi liandrd cmild not he 
included in tile right-handed group hcciiusc two rtf ihrm had prniously 
Written with the left liand, wliile the third one tould write iiliiiost equally 
well with bofli hands. It is impussibk to evnlii.iic ilie miinhrr of l>oys with 
mixed handedness in view af the widely varying <k(iiuUuns and c^.uinates of 
prevalence of ambidexterity in the literature. 

3. The miiiibcr of boys whose hand preferences and sighting preferences 
coincide is much smaller tlian Is generally reported for norimil sidijects. 
Depending on the definition of such "ipsilaturar preferences, our /igiirc w'as 
36.1 per cent to 43,3 per cent, The folloAVing cnrrcsp(nuling pcrceiiugcs 
were found ia the literature or computed from the published (lata: 73.5 per 
cent (Patson, 17); 58.9 per cent (Cuff, 3); 63.4 per cent (Miles, 12); 
56.0 per cent (Hildreth, 8); 60.0 per cent (Scliunell, 20); 75 per cent 
(Dart, 14); ca. 73 per cent (Quinan, 19). 

On the other hand, similarly low percentages nf '‘[pMhiteral’' individuals 
have been repeatedly found in abnunnal imiividuuls'; e.g., in a group nf 
psychopaths, alcoholics, drug addicts, phychotic feeblciniiitled, in a gi'ciiip nf 
reckless drivers, in a group of stutterers, The reported percentages of con- 
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cordant lateral preferences for these three groups were 44.2 per cent (Quinan, 
18), 45 per cent (Quinan, 19), 19 per cent (Bryngelson, 1)^ respectively- 

4. In order to investigate the above findings more fully, the distributions 
of handedness were studied within groups established on the basis of sighting 
preference- Similarly, the distributions of sighting preference within handed¬ 
ness groups were examined. If the primary classification was on the basis 
of sighting preference, nothing significant emerged. The distribution of 
handedness, both within the right-sighting and within the left-sighting group 
are within normal limits. The percentages of right-handers and left-handers 
in our right-sighting group are similar to those found by Cuff (3) and by 
Hildreth (8) in normal children; the distribution of handedness in our 
subjects sighting with the left eye, almost identical with the distribution 
found by Parson (17). 

On the other hand, the distribution of sighting preferences in subjects 
classified according to handedness are very different from those obtained in 
normal groups. In our riglit-handed subjects, the number of left-sighting 
boys is somewhat larger than usual; the number of impartially sighting boys, 
very much larger- The mixed handedness group was too small to give 
significant results the divergences from normal subjects appearing to be in the 
same direction as in the right-handed group. In the left-handed group, the 
number of left-sighting individuals is relatively very large, the number of 
right-sighting hoys small as compared to published figures pertaining to 
normal groups. The figures are as follows: 

Among our 75 right-handed subjects, 38.7 per cent were right-sighting, 
40 per cent were left-sighting, 21 per cent impartially sighting. The corre¬ 
sponding percentages for normal subjects found in the literature ranged from 
58 per cent to 75 per cent for right-sighting, from 23 per cent to 35 per cent 
for left-sighting, from 1.5 per cent to 9 per cent, for impartially sighting. 

Two of the seven subjects in our mixed handedness group sighted with 
the right eye, three with the left eye, two impartially. Jasper (9) had found 
in a group of 39 ambidextrous subjects 22 right-sighting, 10 left-sighting, 
7 impartially sighting individuals. 

Most investigators of sighting preferences found that approximately equal 
numbers of left-handers sight with the right and with the left eye. Parson’s 
data appear to be the only exception. He found very few right-sighting left¬ 
handers, possibly because he may have failed to look for retrained left-handers 
among his right^sighting subjects. Seven sets of approximately equal num¬ 
bers of right-sighting and left-sighting left-handers were found in the litera- 


^Catidortlaat hand, sighting, and foot preferences in Bryngelson’s study. 
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tiitc, tiw total j\ombvr« in llic Hudiw hriiiic \M ri^Iii-Ml^htinu. anti 139 
Idt-jiglitine lclt-hand<!rs. In an itddUifiiial ymrcc (lij Jt rcfMirlctl that 
about equal nuivibcrs were found anutnu SO ]^fl4la^^ll’l^^. In enjr itroup of 
15 Icft-lianJefs, there were three riKlu-HulilinK hoy^ deuen Icfi ^i^Iuine, 
one impattially sighting. 

The probability of ubuininK a wimple divided in a 3 ifi II ratin ju the 
expected direction, drawn at ranciniii frtiin an rvrnly dividril tKiinilaiion is 
.029. Tliis is mit impo^wLdc, but mt very probnidr. 'rhe divrrtiriicr bpiwcen 
our distribution and that obtained in normal subjects i^ not due 

to random sampling. 

St/MMARV AN'ri COXCl.lfSlONS 

The fodowlng somewhat inlerpreialive summary appears to fit tlic results. 

1. In all handcdnc&s groups lunong our menially subnormiil siifij^^cis the 
number of right-sighting buys is considerably smaller ilian i\\ groups of 
normal subjects. In the right-handed group ilicr rrliitive niindirr of impar¬ 
tially sighting subjecus is incrciisrd, In the left-handers, the number of left- 
sighting subjects is increased.. 

2. The results for the group as a whole were similar to thu^c olitaincd 
ia the right-handed group. Tliis could hardly li.ivc been oihprwi'‘r, since 
about 75 per cent of our group were riglit-lianilers. 

3. Relatively few boys (as compared to iiormalsi) were found U) have 
' Concordant liand and sighting preferences, I'liis was riitlrely due to the 

relatively small number of right-sigliting right-handers. Ijisilaloral prefer¬ 
ences were actually imusually frequent among left-handers. 

+. In the group ns a wltole, the number of left-handers was fouiul to he 
ratljer large, not clearly so in the sub-groups classified on the basis of sighting 
preferences, 

No explanation of the findings 0.111 be offered with certainty. In 1920 
H. Gordon (7), who found an excessive number of left-iiamlfrs among 
intellectually subnormal children, suggested tlint this excess may be due to 
instances of disease of the central nervous system reversing the native handed¬ 
ness and leading to intellectual subnonnnlity in many cases. Thi.s liypothcsls 
is plausible and may be equally applicable to our data, which arc cliaracteri/.cd 
mainly by Increases in numbers of left and impartial Bigliting preferences. 
Data pertaining to the distributions of handedness and sighting preferences 
in the families of intellectually subnormal children may shed furtiicr light 
on the validity of Gordon's hypothesis and on the related topic of the rule 
of heredity in mental defect; e.g., if it should be found that the distribution 
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of laterality patterns in mental defectives differs markedly from that in their 
parents, Gordon’s interpretation would be confirmed and the development 
of new techniques for the study of non-hereditary cases of mental defect 
may be aided. 
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Understanding tlie thenno-bidynamics of the origin and evolution of 
bisexual differentiation in Protozoa and in Metazoa for the cytoplasnij 
chromosomes^ gonads, gonoducts, and somatic organs is basic for under¬ 
standing the bisexual differentiation in the oiitogen 3 ^ of the organism and 
the, personality of man. Two great problems have perplexed biology since 
the development of evidence for the genetic theory of hereditary transmission. 
How is the timing and placing of the differentiation of cells in embryonic 
development hence bisexual differentiation determined, if all cells in the 
organism inherit like chromosomes? How can acquired characters be 
inherited ? 

The following presentation of experimental evidence demonstrates tlint 
neither the evolution of species nor the development of the individvial is solely 
the result of chance chromosomal accumulative oi-gnnization of chance genic 
mutations under the directional limitations of the natural selection of more 
of the fittest phenotypes, hence genotypes, for survival and reproduction. 
It demonstrates that holistic autogenous determination in counter-balancing 
interaction with internal and external irabalancing conditions is the most 
fundamental and characteristic process of the multiple energies of life. It 
further shows that self-determination and bisexual differentiation arc in¬ 
separable in the development of the individual and in the evolution of species 
and constitute basic factors in the production of health and disease. It also 
shows that ontogeny recapitulates phylogeny and phylogeny follows ontogeny 
through environmental quaiitificatioji in differentiating ratios of the chromo- 
somally produced qualificailon of the cytoplasmic constitution of cells. 
Several innovations are introduced in the synthesis of the experimental 
analytic and taxonomic evidence on the differentiating and developing 
processes of life. 

The bisexual constitution exists potentially in equal M/F ratios in con¬ 
jugating reproductive primitive protoplasm. It definitely exists in equi- 
potential M/F ratios in the chromosomes and zygotes of blfertile herma- 

^Received in the Editorial Office on June 18, 1946. 
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phroditic ujiicdlulfir And multkellukr animiiU anti plants, hut M/f and F/m 
cyloplnsmic^ differences exist in tlieir ^niutls, if all cells nf the orj^anism 
normally inherit like cliromnsrmuil cmiiplciiirnls rxcepi in the nieiusis of 
gameteSj iis cyltilogy no^v linlds (Cowdry, 7; Sharp, .16). 'rim bisexual 
constitution exists in more or less unopial ^^/l anti F/rn ratitrs in the 
chromosomes and cytoplasm of /.ygoirs of nnifniile, hetrrosrxii.il animals 
and plantSi and in their gonads, gcmi cells, g.inmirs and other cells nf the 
orgnmsm. 

In fitnciiotal Itermtipltrodisrn quart/i/alhr bitrxnal exist in the 

cyfaphsm ciily. They develop in the gonadal cells l(K::iied in special pnsitions 
in the organism and exposed to special organismic and environmental differ¬ 
ences in physicO'Chcmlcal activation, rcspiralum, nutrition, and elimination, 
In //e/croic.vw/i/f'j//;, qunntiUitive bixfxnal dUUrcnccs eshi hi the eytoplnsin 
and in the chromosomes^ 'I'lic cytoplasm is grncrally able under sufficient 
androgenic or estrogenic mitriiiim, except in some instances late in isothermal 
evolution (in the skin of some birds), to undergo reversal in its ipmntiutive 
ratios against the effects of chromoscunnl diffcronliatiori wiilunit changiiiR 
the chromosome. Uiscxual differences in chrotnosiiincs have long hren known 
and the A^IXX^ and A/IXY symbols for aiiioscoTics and sex chroniosumes arc 
used by geneticists, but no bisexual syinlxds Inr the cyloplnsin have ns yet 
been adopted, although evidence has been found ((Toldscliiiiidt, 1.1; Sharp, 
36) (or the hereditary transmission of bisexual vyloplnhuiic factors and their 
quantitative differences in gonads, germ cells, and gnincies are well known. 

Taxonomic evidence indicates beyond question that heti'niMixiialisin evolved 
from hermaphrodism, Iliscxual differentiation must have originated in the 
ratlti of bidynamic aggregates (aimbolic/catabolic) of the cytopiasiri of germ 
cells or zygotes, followed Inter by progressive chromosomal dilTcrPiUiaiioiis, 
Hence it is necessary to study the evolution of bisexual differentiation at 
the level of the holistic ^l/C bidynamic ratio, which includes the M/F 
ratio of the cytoplasm, nml the ^/IXX or /LIXY genie rnlici in the 
chromosomes. 

Studies of bisexuality have been centered upon the hereditary transmission 
■pi characters tlirougli genes tind the chromosomal genic organization, and 
^tb'cir effects on gonadal and somatic cytoplasmic differentiations and germina- 

’^CyioplBBm Is UBod here to include ihe proiuplnion wirliia tlie nurlear memhranc 
{nucleoplasm), but not the cliroinosomca, nnd liie proioplriKm whhin ilie niiier cell 
niembranc, to cover llic bidynntnlc inicracilons of cell adaptalion. Since ihe 
chromo&omal-genic orgntilznilon h the principle means of fiunlilniive cyinplnsinic 
uetermmfttlon and the nuclenr membrane is at times in solution this dKfcreniinilon 
H winaUtent wuti the functions of mUb. 
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tion, the effects of gonadal and other endocrine secretions and other chemical 
substances, and humiditjr, heat, light, and stimulation, on growth and differen¬ 
tiation. Knowledge of these processes has grown extensive and practical, but 
it is inadequate for solving the general problem of the origin and evolution 
of bisexual and somatic differentiation until correlated with the differentiating 
effects of Jieat and other environmental activations on the bidynatnic ratio 
oj life. The energies of life are not differentiated in biology and biochemistry 
into so-called vegetative, sexual, and psychic, as some psychologists assume, 
but are naturally differentiated as anaholic and catabolic physico-chemical 
energies obeying the laws of thermodynamics. 

The following presentation will show that the autogenous determinant of 
the origin and evolution of bisexual and somatic differentiation is the 
bidynamic rath of the whole cell or organisms of ceils^ working to maintain 
internal with external equilibration for the extension of viability and repro- 
ductivity. It works against the imbalances of self-consuming catabolism and 
variable exogenous conditions, including heatj light, humidity, respiraiioHj 
uuiritioMj and elhninaiion, with heat the one universal and basic factor, 
hence by far tlie most important. 

Heat, as unorgaiilzed intramolecular and intcrmolccular motion, is indis¬ 
pensable for all chemical motion, including life. It is produced by chemical 
as well as physical motion and is transformable into the organizations of 
eitJier, All forms of anabolic organization of cytoplasm or its catabolic 
decompasitlon upon pliysical or chemical shocking stimulation are thermo¬ 
dynamic, Heat regulates the equilibratory level of interactions of gases, 
liquids, and solids, of solvents and solutes. The oxidation-reduction processes 
of living and lifeless chemistry are enormously accelerated by heat, increasing 
the collision frequency and efEcieiicy of ions. (The chemical reaction rate 
doubles for each 10” C,) The chief source of heat for life is solar. Its 
direct and indirect solar radiations arc universal and it varies in intensity 
in annual and diurnal cycles and within cycles through meteorological and 
other intercepting and transmissive conditions. It ranges from an average 
mean that supports life to extremes that are first destructive to reproductivity 
and then to viability. The continuity and evolution of life is necessarily 
dependent upon making equilibrating chemical and physical adaptations with¬ 
in mean, limiting ranges of heat peculiar to the special chennical constitution 
of the cell, hence it must be active in the origin and evolution of bisexual 
differentiation as well as other forms of metabolic differentiation and organ- 
Ismic growth. Other variable environmental determinants of the evolution 
of reproductivity and possibly of bisexual differentiation arc oxygen and other 
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nutritionul substances, and humidity, hut they arc sccnnilary to the 

effects of heat as ^vill he shown. 

TiiR UiwYNAMic Ratio of T.ifb 

A modcj'n concept of the liviim cell (ilaiisrll, 2) secs it as a hifrlily 
complex, liolistically organized, protopb'^mit: uiiiiy of rnany sprciali/cd mule- 
cultir protein siihuiiils, many of wliieli arc related to the viruses and nunt of 
which arc essentially different, pxcc|it in oruaiiuation, from lesser molecules 
fount! outside of life. ''I'licsc parts in tin; urj'ani/.cd wludc arc iu»t entirely 
static or fixed in constitution or posiiltni hut arc nu>rc or less in stnictural- 
ixing and destructuraliv.ing motion in an organi/cd sy'-icm of moving parts. 
Miscroscopic views of the cell do not diffcrcJiiiatc analudic frtuii catabolic 
structures or processes, but it is erroneous to assume iluit they arc nil anabolic 
or static. 

A biclyriaitiic, nnabolic-cataboHc ccuicept of life is nmv genernlly btdd for the 
biochemistry of the cell, hut the luaniier in wlucll it wtirlcs is varitoisly con¬ 
ceived. Many cytolugists have thoui'bt, from the study of stained dead cells, 
that itnaboHsin is n positive system of processes and catalioli'^iu is a negative 
TifteT'cffcct or form of intra- and iiUcrinulccular collapse, releasing energy 
like a falling body; otliers have compared the conihiMinii r»f carbohydiatcs 
within tile cell structure to gas engine combnsiimi. 'Die present stains of 
evidence on cell mclaluilisin (llcilbrunn, IS) ^hows that such concepts nrc 
utterly inaclctiuatc. 

The living cell's bidyiiamics includes a counicrbalancing .anabolic system 
of autogcnouslyXcxogcnoiisly directed, graded, slowly tixiili/ing, energy 
assimiUtiiiE and upbuilding, clectro-chcmical processes, ami a catabolic system 
of autogcnmulyXexogenously directed and graded, rapidly umving and 
oxidizing, energy breaking down, releasing and projecting, electro-clicmical 
processes. The two systems work in a reciprocally organi/.eii, interweaving 
flow of reversible and irreversible substances around tpialitatis^ply, quanti¬ 
tatively, and positionally allied and antagonistic enzymes, 'I'he encrg'ic re¬ 
serves of specially prepared fat, carbohydrate., protein, and metnl and non- 
metal elements stored in the cell arc not "luirncd as fuels,'' as indicated 
by the best evidence on radioactive isotopes in metabolism (Scluicnheiiner, 
S5)) they become anabolically worked over into the living protein stnicLurcs 
of the cell before they arc cntabolically bnAcn down for energy release ii^ 
work and licat. The assimilation and biiikling of energy is the opixisite of 
breaking down and releasing energy. Cells that me strong auabolically.arc 
often weak catahollcally or vice versa. The imbalance citlier way is detri¬ 
mental to life unless counterbalanced by exchanges with other cells. 
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The contimuty of nn orderly, graded, brcjilcing down catabolism is indis¬ 
pensable for life, as the means of supplying energy for the completion and 
differentiation of anabolism and keeping it in a state of ready reactivity or 
structiiralizing movement of kinetic potentials, for preventing its freezing, 
stasis, or collapse. Anabolic properties that cannot be catabolized may be¬ 
come deleterious to life. Catabolism is quantitatively accelerated or deceler¬ 
ated in its different qualities by increases or dccicases in special activating 
or excitatory environmental energies (heat, light, water, pressures and vibra¬ 
tions, oxidations and eliminations of wastes and physical and chemical shock¬ 
ing contacts of different kinds), producing thereby adaptable quantitative 
rates of consumption of special qualitative, anabolic reserves. This results 
in superficial and deep intracellular variations in anaboUc/catabolic ratios 
with special reductions in viability and reproductivity. Reproduction of the 
whole leading to cell division reduces all anabolic resources and catabolic 
capacities, with stress of the weakest quantities first; 

Whenever tlie living cell is anaholically deficient in any way it is chemi¬ 
cally driven to work rcpetitiously to acquire, assimilate, and anabolize nde^ 
quatc quantities of riglit qualities of nutritional substances for rebuilding 
itself wherein it is weak, in order to restore its internal with external 
equilibration and the counterbalancing, bldynaniic organization of its integrity 
as a wliole. Such selective deficiencies or needs and cravings are counter¬ 
balanced in a number of ways: (a) through ingesting other cells; (^i) 
through graded, repeated exchanges between living cells of fitting quantities 
and qualities of hormones and other luitritional substances; or (r) tliroiigli 
conjugation or fusion between two cells, one of which is strong in quantities 
of anabolic or catabolic qualities wherein the other is weak, that is, has a 
complcmeuiary hidynam'tc ratio. 

Animal and plant cells, whatever their species, are continuouslj^ cata- 
bolically, more or less rapidly self-consuming, and must acquire and build 
into their living mechanisms quantitative ratios of special anabolic properties 
to counterbalance the ratios of their special forms of catabolism. Tlie laws 
of motion and conservation of energy apply to all forms of life, as cell units 
or multicellular unities; hence the work, differentiation, growth, and evo¬ 
lution of life is based on its bidynamte ratio. The aggregate of anabolic 
processes in proportion to the aggregate of catabolic processes of the whole 
protozoan or metazoan cell having adequate organization of qualities, is 
an index of its need to work for viability and reproductivity and its depend¬ 
ence on other cells for support wherein it is weak. The range of 
anabolic/catabolic ratios adequate for reproductivity is evidently far more 
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nnTiowly liimtcd ftnd jipccialiV.cd than the ranj;p hir vrjihilil\\ hcilcc is more 
selective in the evnlulbn of life. 

lliaiiXUAI. DlFh’fiMENTlATICl.S' iS UnICKI.M'IAH 'MaUSC, SEMiCTIOM 
lOR lIOUSTfC RFKglHIJnHA'ilON 

Uiscxusil dilTcrcntialinn in liidynainically iiiihalunccd Prntnzna is dcinon- 
strfltcd in their posifii'c or acf/uisilivc and nr^alivr or avnifltint Hinting' selec¬ 
tions. Positive sckctioiis ncncrally lead to the ^^l^p^rM;rvari(m of holistic 
pliysico-clicmical integrity, tlirou^li (piantiraiive rertpiilihratiini rpf tlie sub¬ 
stances and processes exsciuial for viability and rcjiriulumivity, when they 
do not include Ictfml genic corubinaiinns. 

Two sc,\cs (>r niatiiif; types that con]ii|;ate li.ivc been drimmstrated in 
each of several different stocks of JWarnffitun atnriia by Sonneburn (39, 
40) and Kimball (27). The stocks do not crossbreed and arc possibly 
varieties or species or have long lasting c>‘tnplasinic tniulilWatiuns that arc 
antagonistic to cross breeding altbmjgh nut evident in inorplutlogicid differ- 
cnees. Opposite mating types umju)!tate under predisp^hing beat and dark¬ 
ness anti other physical conditions, but differ markedly in iheir ivtsteniialitics. 
Conjugations repent most fr«iuciuly after a variable number of divisions 
following a conjugation and a not too ctunpUnc or urn dcliciont niurltional 
status. More of Variety I conjugate at 0" C. to 30’ C., at any time, More 
of Variety II conjugate at 20“ C, from I A.M. to S and mure of 

Variety III conjugate at 24" C. between 4 A.M. and 11 A.M. Kivc days 
of continuous darkness seems to have an accuniulativi* cuiijugaiing deter¬ 
mination for It occurs frcclj'^ for some lime in daylight. Five ilayn of con¬ 
tinuous light lins an accumutntivc uniicuiijligating cfTccc for it iiiliibiis con¬ 
jugation at night. Hence darkness disposes to conjugation and light snp])i'csscs 
it, but other dicmical timing reactions in relation to the diuriial cycle arc 
indicated. 

Two kinds of nuclear rcorgank.ation processes have been found in 
P. aureJia. One occurs at conjugacioii and is biparentnl in origin tlirough 
exchanges of the migratory halves of the nucleus, and cite other Is uniparental 
and occurs irregularly with "endomixis" of chrnmoRomal parts. 

The mKcrltancc of mating or sex types follows different rules and slinws 
different features in different Protozoa, W//rr coujiipiitiun t!u: luogcny oi 
sonic individuals arc all of one mating type and the progeny of other indi¬ 
viduals arc all of the other mating type and the progeny of still otliers arc 
of both types, Where both types are produced the doscciubuUs <if tlie scries 
of vegetative reproductions are generally all of the same type uiuil cndoiiuxis 
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occurs. yJff^r some inctivuliinls have progeny of one mating type 

and others have progeny of the other type and still others have progeny of 
both types. The dctcrminatiDn of the sex or mating type, Sonneborn con¬ 
cludes, is made by some process that is common to both biparental and uni¬ 
parental reorganization, which is probably in relation to the macroimcleus, 
as reorganized with biparental conjugation and uniparental endomixis. It is 
subject to genic determination under Mcndclian laws and also to environ¬ 
mental determination, particularly heat. 

The degree of heat or temperature at the time of nuclear reorganization 
and formation of the macroniiclcus (biparental or uniparental), and not 
after the first division, has been found to have highly significant effects for 
sex determination and its inheritance. After the first division the sex type 
seems to be formed for the succeeding reproductions until the next nuclear 
reorganization. The degree of heat seems to influence the genotype of the 
macronuckus in one sex direction or the other and it then generally repro¬ 
duces a phenotype coivsistently. This particular form of inheritance of 
acquired cliaractcra seems to be limited to Protozoa having macronuclei. At 
low temperatuves, 10^ to 19^' C., in uniparental reorganization the ratio of 
sex types is about equal, whereas at high temperatures, 20“ to 30“ C., a ratio 
of 2 to 1 appears. TJic sex ratios arc more affected by high temperatures 
at conjugation or endomixis, with possibly the greatest differences when 
high tcinpcraturcs exist at both times. Mating types appear, disappear, and 
reappear at nuclear j'coi'gajiizations under thermal and other environmental 
influences apparently iu\der chance orders. The genotype of a "caiyonide" 
(descendants inheriting the same macroniiclcus) generally remains the same 
in sex type until nuclear reorganization but the phenotype or cytoplasm 
may continue to reproduce in the opposite sex with similar lags in changes 
of body size and other characteristics. Such members of the same caryonidc 
will conjugate for several generations. Marked sex consistencies are found 
in some caiyonicles and reversible irregularities are found in others. Con¬ 
jugation nevertheless occurs only between two individuals of opposite mating 
types whether gcnically or environmentally produced. 

Jennings (20, 21) found in Farariiecinru ii/irsaria a multiplicity of mating 
types in three groups. The same type does not conjugate with its kind or 
across tlic group barrier. The preceding evidence discredits the previously 
accepted view that Protozoa generally mate indiscriminately. Sonneborn 
concludes that in free-living ciliatc Infusoria two general relations are found: 
((t) Extreme diversity exists in different species and even races within the 
species, (i) In any species or race u clearly demonstrable system of sex 
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diversity iind ilnerniiiRUon iiuirul ilvM CMUij»;irahlt: ua \\k iliftrrcntia- 
tions of lii[^licr ori'atn'snis 

It is well cUnblislicd lliat sfime riiVirfMininil.il eotidinonv- -imbalanciriR cx' 
tremes of hent or other /orirK of tlienikMl activnlion —produce deliniie cyto- 
plnsniic and possibly imclear chariuci! in lUr or^;-uii^ni. Sudi “admired 
characters’* art licrcditaiily transmiued for several in many i^riwrAtitma 
(Jollos, 24), 'I'lie parts played hy sue)* '"I»ni(' la^iinjLf intulificationV' in 
evolution can only he worked oiil in Cftrreliiiifin willi llir licrnlitary trans¬ 
mission of [ienic characlerii. In alumi ilirre per cent nf Kimlniirs ill) srock 
of Viiramenunt dureYw, 'rype I pnithicrd "I'vpc W and 'Type 11 pnuliicrd 
Type I in the Absence of nuclear reoruani/alinu'', itnliiailut; cyiophuiuic 
changes from environmental iiifliicncp'i. 

Ill PuftJmHium niHUiniliTonuthfifum Cfiese (12) found iiiaiirit; types, 
hut ill most of the stocks conjugal kin ncciirs bcUvren projicny of tlie same 
individxinl. Such environmental hiciors as heat, sdl-*, pH, nu'taholin^, and 
populaticin density modify the niisef, intensity, am! diif.irinn of conjnuation. 
It is retarded by extreme icmpenuiires of K.4" nnd .10 C'. and accrli-mted 
by tciiipenitures from 15'* in 26^ V.. with ihc highr‘*i raU' arminil 2h . Pis- 
tilled Water and too high 5 *ilt concentriiiiuns liiliiliii ciiiijiiuaiinn. Over¬ 
crowding followed by rcducthm uf fw^d more, ilun iwcunudaumis id excreta 
or chniKcs of meeting accelerates conjiigaiiun. 

Protozoan rcproduciinn may repeat fur a varied iimiiher of gem-riitinns 
and has been aTtificlally coiuiiuied fur thuiisands nf griu-raiimis ilinnigh pro¬ 
viding adequate nulriiiunal substances and idhiiinaiing i-vcrcia, Iml p'lU'r- 
(illy the rate slows down, even under favorable, uaiuial fiiml ;uid other 
environmental conditions, until it firinlly ceasp^. Appareiith' ''ouu' iniriutc, 
delicate, essential pliysico'cheniical components (anaholic and'tir cataholic) 
become reduced and some part cif ilic ihiracclliilar niccliaiiiMn weak 

and deficient whereby the cell decreases in vlahilily and reinmlnciivity. 
Eventually the orgniiisin disiiUegrates (die-;) if it does not unite with a 
properly constituted mate. In (lagcllatcs iwu individuals form one complete 
union, leading to reproduction. In the ciliates union is incoinpleie, being 
limited to exchanges oi one linlf of each micleus (Kmln, 21?). 

Very well nourished organisms do not toujogaie, but if run down \v,\n\- 
mccia arc placed in the same drop of water tlie^^ .show eitlii'r aeqiiisiiivc 
(attractive) or avoidnnl (rcpclhnu) reactions m each lulu-r which are un¬ 
questionably expressions of special forms of chemical imhaJance iiod moti¬ 
vation, If ncqviisitivc they unite side to side and tlieir iiuclfi divide. 'I'hrovigh 
openings tlint form between the aJjacont walk each cell exchanges one 
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mciotic lifilf of its nucleus and retains its original extranuclear cytoplasm, 
The two formerly depleted cells then undergo nuclear reorganization and 
become rejuvenated, probably through getting a more balanced ratio of 
nuclear (chromosomal) chemical properties which revives cytoplasmic activi¬ 
ties, and then causes avoidant separation. Such new organisms vary in the 
degree of rejuvenescence of powers to start new sequences of divisions under 
fitting lUitritiojial and other environmental support. Some die without repro¬ 
duction, indicating that some constitutional cnergic combinations retain too 
unbalanced anabolic/catabolic ratios, Avhile other pairings have more of the 
right constituents for rebuilding vigorous, well balanced, reproductive 
physico-chemical mechanisms. Different strains of the same species of Para¬ 
mecium and different individuals in a strain vary in capacity for living 
growth, and reproduction under identical conditions. 

The run-down protozoan cells, after a sequence of divisions, become end- 
prodvets of such metabolic activities, equivalent to the ovum and spermato¬ 
zoon eud~pvoducis of metazoan germ cell meiosis. In both instances they 
are internally, incompletely balanced or lacking in adequate quantities of 
anabolic ancl/or catabolic substances to carry on the work of living, and 
liavc chemically positive, selective, acquisitive, mating craving needs for 
complementary opposite types, and negative, avoidant compulsions for like 
or misfit types. Their positive reactions probably worje as special, physico¬ 
chemical, electrically sensitive motions to acquire reequilibration and recon¬ 
stitution of internal imbalances, through mciotic nuclear exchanges in 
Lsogamous Paramecia, or complete union between opposite types of mciotic 
cells having complementary ratios of hidyuainic properties in anisogamous 
Sporozoii and Metazoa, 

The positive mating reactions between two individuals of complementary 
opposite ratios are mechanistically like the special appetitic cravings for 
acquiring special qualities and quantities of foods, produced by anabolic 
deficiencies. The negative, avoidant reactions, like anabolic satieties pro¬ 
ducing compulsions to avoid certain foods, work between individuals having 
like constitutional ratios or quantities of qualities. Such selective mating 
behavior is certainly best explained by the hypothesis that sex differences in 
Protozoa, as in the gametes of Metazoa, are based on bilaterally opposite 
quantities of like chemical qualities rather than unilateral differences in 
qualities as was once thought. Opposite complementary raiks iu the quanti¬ 
ties of like anabolic and catabolic qualities in one-ceUed a?n}nals determine 
selection in conjugation or jnsioii and have the essential conditions of sex 
differences. 
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Vintifiiy iincl yepradiictiviry :irt' ii<inii;il!y riiuAVCil l»y or 

fusions that acquire .sjicciiil nuclear :iiul cytopln^iiiir sulistanccs u'licii tlic 
imtritianal state cannot ho uthcru'i-f ;uI(m|u:ucIv ii|uiIi)M:ni(j. The clinnical 
processes Ilf assimilatinn of special jiutritjunal snlistaiici s aie rviileiuly lia'^ic- 
aliy related to coiijuf'iitioji i>r fiisicm pliy’^ico-cliniiiral pmersHs ni recoil- 
stniction or |j;ro\vtli lor ht'lf-prwication of iuilisiic iniivi'rir\ ctjui- 

libratory processes. 

We may coiiiuclc tliat tke anabolic processes of ^ntu>th have sptriali/nl into 
two ways: (fl) tliosc which bnilil uji and omiphiej or icliiiilil woin <Mit 
parts of the cell j and (I/) llui^e wliicli iluplicatc all path of the wluilc aiul 
end in cell reproduction. 

]\fating behavior is produced by a deficiency of .inaliollsin and/or catahollsin 
in a cell cxcitinp clicinienl affinities, srnsilivlties, and motivitics (cravinps) 
for union with another cell havinp; coinpleinenlary oppr^ire ratio^ of eountcr- 
balancinR properties. These differences arc projierly called <vs. ilifl’ei'eiices 
when they lend to conjut^ation or fusion t** increase the jviwers of repro^ 
cluction. Within the limited field of selective miuintc is a narrow laiiwc of 
rejuvenescent viability including a more narrow raiiK*' of reproductivity, 
Jie^^o^il/c^ioJl seems lo h Im^nl «m tfie dii/'/iVo/jnji uf nli rlirnmmmnl 
iinfl cytoplasmic properties. The rtifctlnilif amiptthion (in l>.u:teria and 
protozoan and itictazoan cells) to W/;;irW/e tvasic products aud 

tintriJlouat excesses seems related to the caiuhrilli' corn pul smu to oud 

force off holistic duplkettious luhich develop upon excessive (u'cumuluiiotis of 
all anabolic substaucesj uoi Ufilike cleavaste folh^vi/iff the yrowfli of rrysfals. 
The compulsion to avoid union with cells of like liidyilamic ratios seems 
also to be related to the dcctro-cliemical processes of divisinn. 

Reproductive functioiiiiiE evidently inclmlcs inatini; for analvilic-caiaholic 
reequilibration tiuough nnclenr and then cytoplasmic reorganiziuion hilhmed 
by fitting nutritional intake and division. Reprndturive jutn /nuinf/ is one 
and iiidhisibU in life ivilh self-preservative fiiiicftouiiif/ nod the trvu tauuoi 
be separated in their basis for worpiuff out a system of physiopsyrholoffy. 
Every cell and every tissue and organ and the organbin us a wludi’ and 
every act is chromosomully and gonadally dcterniiiud for its i;nios of 
bisex:uAlity, 

Reproductive union is Bcncrally limited to two cells but is closely rebitcd 
to and often dependent upon other kinds of iiiteicelliiiar conluch, in ^v’hIch 
dicmica! substances are probably exchanged. Some RnUozoa form Lfiitpurary 
colonial masses or gonads with close physical cniUaet seemingly for lUirsijig 
the germ cells and their gamctcSi remarkably like ihc inicrslitiiil ruirsing 
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cells of ovocjftes rind spermatocytes in metazoan gonads. The characteristic 
clumping of parainceia predisposes to mating and suggests a kind of prepara¬ 
tory gonadal effect. This suggests that metazoan orgmims evolved from 
pcrma?JCJit f/ietazoan gonads which evolved from temporary protozoan gonads. 
Gojiadid and genital evolution led to organisinic evolution, and autogenous 
reproductive selection is as important as natural or exogenous selection in 
evolution. 

Comparative TIisekual Differentiation in Protozoan and 

T\'Ietazoan Gametes 

In the sexual reproductions of some Protozoa the pairs seem to be morpho¬ 
logically alike (isogamous), while in others they arc markedly different 
(anlsogamous), In certain Foraminifera, Volvocidae, and Radlolaria 
anisogamy is widely distributed and the differences between their micro- 
gametes and macrogametes arc comparable to tlie differences between sperma¬ 
tozoa and ova of Metazoa (Kudo, 28), Protozoan microgametes arc 
numerous, flagellated, and highly motile, whereas the macrogametes are few, 
unflagellatcd, and immotile. Evidence of reduction mciosis lending to con¬ 
jugation or fusion has been found in a number of species (Kudo, 28). Male 
metazoan gametes tend universally to be sinnllcr than female gametes. They 
arc generally elongated, highly motile, flagellated, mechaiusticaliy complex, 
swimming cells adapted for transporting chromosomes and finding and pene¬ 
trating ova of their species. They arc strongly catabolic and weakly anabolic 
and carry very little nutritional reserve (Popa, 33). The female gametes 
are generally spherical, immotile and much larger than spermatozou, varying 
from invisible size to tlie enormous eggs of birds and reptiles* Such ova have 
large anabolic capacities and nutritional reserves to piotEct tlic growth of 
the embryo, and are generally too weakly catabolic for reproduction without 
fertilization or some other external source of catabolic excitation. In each 
species the ovum is covered by a specialized, ectoplasmic membrane tliat is 
highly resistant to spermatozoa of all species except its own type, and 
immediate chemical changes upon penetration by the first spermatozoon pro¬ 
duce a resistant ectoplasmic protection against others. The sperm and ova 
of the different species of Metazoa, including man, show complementary 
morphological and clicmical differences of a decisive nature which no doubt 
evolved with gonadal, genital, and somatic differences and generally prevent 
cross breeding, particularly in externally fertilizing species. 

Tile processes of impregnation and fertilization of the metazoan ovum by 
a spermatozoon are remarkably like the fusion of gametes of a number of 
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Protozoa (Kudo, 28)- In fcrtili/.iaioii tlin external irleiitity nf the rjvum is 
longer retained and can he nlisrrvTil after tile rolranue of a spennato/onn. 
In fusion the external identity uf htiili oruaniMus i*, (inickly Iikt in tin; new 
formation. In the conjuuMtion of Miiiie jipccie-i t»f Paramreinm where only 
halves of the Jiiictci arc L'xch:l^^cd, the iilentily nf i)ir lytoidasin is retained 
and can he followed tliroiip;h a iiumhrr of cunjuj'aiitins (Jrnning;^ 22, 2J). 
The internal identities of the sirnclures of Imlh tivniii and sperjiiaM/.oim arc 
lost in the processes of aiupliiin-ixis. Kvideiitly there is a phylngrneLic repe¬ 
tition in these reproductive processes? feriili/ation n-HiUin^ in cninphtinn 
and rejuvenation of the end cells of division, sperm ai\(! ova, ihroii^li fimning 
the zygote, like conjiinatioii or fiisicin of two incuinphlr pioto/.nan cells, 
also the cnd-products of division, prniliicing a new, complelr repiodiictive 
cell, which in protozoology k now regarded as a /ygoie. 

The evidence on bisexual dirferenlialioii in Proto/.oa indicates a numher 
of steps in evolution, Jennings (20) compares the haidoiil mif/vtifory pro- 
nucleus of diploid P’lirameciu lu the hapUdil imclcn^ of spinm and the 
sfaiiottftry haploid pronuclciis U) the haploid iiucleuK of ova, 'Tims Para- 
mccia arc licrmapliruditic mid each of the two eNCimjugarits produces its mvn 
line of descciulnnts, In the Vurticellidac niiirpliuliigical cir, rather, cyto- 
plnsmic differentiations arc more highly developed ami one is relatively 
actively M/I and tlie other inactively F/ttt. 

The retention of processes of protozoan cnnjugaiiim in ilir evolution of 
metazoan fertilization is further slmwn hy the conjugiiting heliavior nf some 
cells in the blood stream and in the gomuls uf higher animals. When 
metazoan cells unite it is probably n rejuvenating [irnct^^ as in run down 
protozoan cells, Expciiinental evidence shows that m-a and speriU!iio/ti;( of 
some i\Ictazoa arc both independently capable t>f mitosis ivithont fertiliza¬ 
tion under the imiisiial conditions of anilieially .supplying the catabolic or 
anabolic factors in wliicli they are weak. If the itviiin of tlie sea urchin, u'hich 
is normally nGnpartlicriogem'c, is supplied with cxlrncis from spermatozoa 
it becomes fertilized and reproduces. If the spermatozoon is supplied witli 
the cytoplasm of the dcnuclcated egg it will produce a larval form (cited 
by Howell, 18). The bisexual diflcrenUatiun nf gamelcs in naturally nnu- 
parthenogeme mammals is by no means complete, Pincus (.11) stimulated 
the ovum of a rabbit without fertilization and protliiced a miioiic egg which, 
upon being transplanted to the uterus, dm*lo|>cd a fetus ^vliieh gl('^v into 
ft female capable of rcprodiicirig. Later he found that cold sbueks applied 
to the (Innlcs of the rabbit at the time uf ovulation were siiflicient to iniliate 
mitosis and tlie development of the embryo. 
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Parthejiogenic evidence has demonstrated that in Metazoa union of hap¬ 
loid gametes is not universally necessary to continue the reproductivity of 
germ cells. Tissue cultures and tumor growths of somatic cells have shown 
a similar power of continuous rcproductivity without intermediary stages 
of fusion. This indicates that the difference in germ cell plasm and somatic 
cell plasm, if their chromosomes arc equal, is more one of cytoplasmic 
anabolic/catabolic ratios derived from cicctro-chemical position eifects and 
their selective excitatory-inhibitory, nutritional, respiratory and eliminative 
rates than some more abruptly decisive, unknown factor that is transmitted 
ill one direction and not in another. 

Thermo-Bidywamic Differentiation in Metazoa 

Evidence of the effects of different intensities of heat and other activating 
factors an the holistic bidynamic ratio in the direction of cytoplasmic bisexual 
differentiation in protozoan orgtanisms has been cited. The same factors give 
origin to the bisexual and somatic cytoplasmic differentiations of multicellular 
poikilothermic and isothermic organisms as the following evidence shows. 

Experimental back tracings of the degrees of differentiation and develop¬ 
ment of cytoplasmic qualities, quantities, and positions in the cells of the 
early embiyo, to the gastrula, morula, zygote, and ovum, have been reported 
by Darken (9) and Wilson (4(5) and otliers, for a number of invertebrates 
and vertebrates. In many anainniotes (ascidinns, nematodes, niolluskR, anne¬ 
lids, and ctenophores) the eggs give <lefinitc evidence of a "mosaic'* 
determinative dijferentiatlon in the qualities, quantities, and positions of the 
cytoplasm. Less determinative and differentiated cytoplasmic conditions are 
found in the eggs of insects. In amphibians, telcostcans, nemettiaiis, 
Amphioxus, and mainmals still less determinative to wholly indeterminativc 
"regulative" diffeientlations are found in the eggs. Intermediate differen¬ 
tiations ill quantitative ratios of special cytoplasmic properties begin to develop 
immediately in amphibians upon insemination, and become determinative 
factors in the first cleavage. In the wholly indcterminative types, cytoplasmic 
differentiations appear in the blastottietes of the morula and hlastula and 
become more decisive and limited in potential adaptabilities with each repro¬ 
duction as embryonic development proceeds. Durkcii concludes that "the 
fundamental processes of development must be taken to be essentially the same 
for all groups of animals; it is the outward form only that can vary accord¬ 
ing to the initial constitution of the germ" (zygote). Experimental re¬ 
generations after eliminations and transplantations show that as cells increase 
in dififcreiitiation they decrease in variability but retain more regenerative 
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potencies tlwn apl>c;\rs ii\ \\\v urvirtiu/.iUidii'v; ^lui i^, iKipy 

form other tissues (tujimfs, spoils) ih.iii iionn;il fur rli<‘ rlirnnifoomal 
determination. 

The F.yKute is h(>th crll nrnf itrt'ainVm. With ilif (Irvchipini'nt of the 
embryo the cytnpliiSiiiic constitiiilnii nf cells juop.rrvs'ndi (li)liT*'iufriir-i Irnm 
general cmiiplexity in reUlivr >prti(ic Mmplwify, wIvrrtM^ tliv urrvmishi differ- 
eiuiatcs from siinplieiiy to onnplrvily in mnriilwilippjV.il iiinl firneriniuil 
organiy-atlon. 

Jn all bliistnln fnrnialiojis tin- t'clU, Irss rxiHi^nl lit rveiriiimn and 
oxidiitinn, clcvelop limvier cytotda^inm graimlrs, glow largri ami repKidncc 
more slowly than tlie moie lop rrlU. In naamla foTinatinn more 

of the more active cytopla-im Is traiiMnitted to rci'ulriiiuil crlK anil innre of 
the less active cyrnphtjiin rs traibiiiitteil Iip the rritmlemini cells, with a 
medifiii distribution to the incsudcrinal cell''. 

The triplciblaslic urowtli and iliftVmiri.uioii of tin* g'lsinila is liihic for 
einbryonic differentiatinn in all nniinaU ahovr Corlniteraia. ‘V\\v germ layers 
are intcrtlcpcnJciitly interactive and removal of pan of rme inlnluis or (hV 
torts the growth of the oilicrs. 

The outer s\irfacc cells of the gasinila foimatioii. mine in an 

environment of more dilTcrtntinted ami variahle liglir, lirat, ami pliyo’cal 
and dicinical contncis, differentiate ilir mnilvTinal layer, fmin wiiich 
diRctcutiate the marc highly resistant and ropnHluvtivc cuiancmi'; vystcni 
and the less reproductive but more liijihly Nert'-itivt*, vnuilucrivc iind rnergy 
augmenting, caurdiiuting and directive nervous \v^iein and l■^^(‘rn:dly- 
internally adaptive pituitary glands regulating, through tin' M'creiiun of trnpic 
hormones, different tissue growths in TclalifUi to variaiions in the basic 
climatic factors, heat, humidity, and light. 

The inner surface cells, cxposcil to greater qiiantitics of food ami its 
wnstes^ oxygen intake and cjirhon dioxide eliininalimi, and li“'^ of other 
stimuli, differentiate the cntnticrmal layer ami iis di.'-'Cciulenf vxteninl 
secretory cells and liver nnd cndocrines for energy assimilation and the cells 
fqr external respiratory exchange. 

The cells within the organism, having an entirelv interCflliilar, interactive 
environment dependent on the outer cells fur sensory gm’danci-, nutrition, 
and respiration, differentiate the mcsuderinal layer and it^ dcMcndmU inter- 
relating cells of the blood, the energy priijicient, cniiti'acrilc cells of ^ a'-ciilar, 
visceral^ and somatic mmclc, the clawic conuectivv tissue and the skelclul 
system of more or less rigid, articulated levers, the m*x dilVcrcntiating gonads 
and gonoducts, tlie tlicnnogciiic adrenal cortex nnd the metabolic tvastc 
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eliminatwe nephritic system. The mesodermal system specializes in the ciren- 
lation and projection of energy under the internal and external direction of 
the ectodermal nervous system after it has been assimilated and prepared by 
the entodermal system. 

From tile basic, graded cytoplasmic differentiations of the three blasto¬ 
dermal layers, the cells of special organs and tissues differentiate in orderly 
progressions, although at different rates, of more cpiantitics of special cyto¬ 
plasmic qualities, towards elimination, of little used qualities. Deficiencies 
are supplied by other cells, leading eventually to irreversible preponderance 
of one or two most used qualities. 

The differentiation, rate, and duration of growth of primordial tissues, 
organs, and systems of organsj and tlie organism as a wliole, is at any time 
a complexly patterned morpliological holistic unity, of many physically and 
chemically interactive cell units, each having a special position and a differen¬ 
tiated and interdependent bidynainic quantitative ratio of basically like 
cytoplasmic properties nourished by the same blood. Each cytoplasmic dif¬ 
ferentiation needs special ratios of special substances (hornnones, enzymes, 
minerals, proteins, fats, carbol^dratcs, gases) for support. Skin, bone, gland, 
gonadal cortex, and ova are more strongly anabolic than catabolic, niul muscle 
and nerve cells and gonadal medulla and spermatozoa are more strongly 
catabolic than anabolic. In cold climates or laboratories invertebrates and 
vertebrates tend towards larger and more spherical growth Avitli shorter 
appendages and les^ heat radiating surfaces, and in warm climates or labora¬ 
tories the same species tend to more elliptical grow'th with longer appendages 
and greater radiation. 

It is necessary for biology to analyze the biochemical ratios of each type 
of cell and organ for its special bidynamic ratio in relation to the cquilibratoiy 
and imbakiicing conditions of its intcrccllul.ir and extracellular environ¬ 
ment, for a better understanding of morphological nncl physiological differen¬ 
tiations of the organism as a whole in individual development and in evo¬ 
lution of species. Chemical analysis (Tabulae Biologicae, 42) lias shown 
that differentiation in ratios of different chemical elements, in salts, proteins, 
fats, carbohydrates^ and water is carried to remarkable degrees of specializa¬ 
tion in each type of receptor, nerve, gland, bone, blood, muscle, and dermal 
cell u\ relation to its physiological and inorphological specializations and the 
age of the organism^ An additional limited range in compensatory produc¬ 
tion of ncAV cytoplasmic qualities, under hereditary chromosoinal limitations, 
has been experimentally demonstrated in the form of digestive and immuniT.- 
ing adaptations to special kinds of Avork, food, and toxins. 





Ap\ fHii^iSr^Sinr^^ !is„; ojtjmi. ,.f •, j qualities 

[■clniivc Ui Jp.]^ ;ast^ hi he had In 

lltC ratin'^ t*t a'- siv*;#" ^t’^idi/nut i.il|<iuiH to 

mure un^>.;|^ly 'rjii>r,r. Ih .•■f’ hi ii'unMjnt lints 

Ilf sSrt>^ aHil muTr ^nnpV jnd .rVirt^T ?4 i tlsiuiij 1 ^ iiurraiiccl 

and jhjjpir drcrfA^rdi iv^Kjr.n sn irlS. » diimn dc- 

creiwtl and iiwlirir A i-.fM -.dAinii srilmr, protii- 

plj^niic irrihdiiiiU', jda'^Jui^^, .fnid ^nd I'rojir* Imi iiurifhes 

it^ ith'oinprc'-=til>iluy and -'f«d ‘vdidd-*-. wlirm-. n i'reatcr 

rniib of iiMlinr* iiK'fca«if*^ i??/.dnhiv ahM and 

cbciniciil slnhilily in nm^ .i<nl ?>n.‘r'V» Ihr f-n iin^diiiilv vrTSiis 

stability afo ilrrimihlrdde rxj''f’riH;riii,i3liy ,^ll^d iinui-dly in rxirrs'^ and 
tlcficirnc’ir> of [Siratlivhjid *^r<i;mi "d IjHrj^n^nr- i^dfnnn inrtabnljsni, 
and tlivroiJ MH^reiinn nf hnninnK'^ lf<"9r ntdinr lijrhjMiji in. and in nniiitioiial 
intakeSi 

More exact cK^Hitiincni.tl cvidriwr »*n lU*'' vi'<-titi<: vmunrrS'.d.mriii^i allied 
and anURoniMic inirtiUlinriN brnvmt iMiiMin .srnl .ini'Mf - jUr ^)vr« Isv llcil- 
brunn {15). Only n frw illnisjAibiisi- iifin uiiins'. rsr'id liert, 

Calciuin nets nnt.ijiiniti-iiolly m nta;:i3'’'iinn, ’•.■f'Sbno, .nnl V'fiM'''>iiini. Snirinm 
and poitKiiium ions incrr.iM' ctdl ii4riajbr,inf i^nnrd'diiy -nnl iiu rr.iM* vis¬ 
cosity of proUiplasiTi, and iisauin'M'nu nnd ^-dmii+i Brilnvr hi<ili kuriiluiunsT 
Magnesium ckccs<i rctluces irritability m ^rinsri\iflv nul i.diiinn •^iipporcs 
tbe&c coivditicms up to certain Cln^■rnUatitm^. ^rwrr rriliuiiini of cal- 
dunn lends irrAvcaknC'^^ nf cnniractinn in *>t7isitr(li and licirl 

An e;(ce^ of calcium loM'cr^t ba^l inrifdodi^ni. 

The differentiation and dcvebipinrnl nf vvii,*td.iHni in rmbrMiiiic veils is 
; bidynamieally graded, qualit.-irtvcly ;md iiiMinii iii\r!y, in if Lnon m iiminti- 
tattve fatios of special activatlorn^, ilutritoDiis and rdiiniiMii^'ii'. 'J lih is 
evident in the ratio oi cataludic irrintbilicv ao.d'idu ‘i iluliiv in ^ucli 

special forms as scnsivivily versus inscu>uiviiv, i.iniduvji'.itv vvi-w*- min- 
conductivity, conttactility versus non Cfiniracrdit}', rl.i^tirit) nnd pli’iinty 
versus rigidity, and grades of as^miilniive, clirninalivi-, ^^rrmiAc, :iiiil Tvpni- 
cluccive powers. 

Adaptive diffcrcntiationd of cytnplnsmic have hrcii driiinn-'ir,in'il by 
experimental transplantations of iiicomplrtrly dibVrrnii.unl wiihin 

Species and between spccics» during gasirnla fotnialimi (1 iiirkcu,'I; Spvuumii, 
41). In the former the coll# diffcToiuiutc in cynipbhiniv iinuntiunive ratios 
to fit the inductive^ organising mllucnccs of the iirw rnviifiniin nial 
■within and nronncl tlic orgaitUm; in the ktlcr they dn librwhc bin niain 
the peciiUnr qualities of tlidr species for the posiiion, 
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Witschi (48) has made exteitsivc studies of the effects of different tempera¬ 
tures on the embryonic growth and bisexual differentiation of the Alpine frog 
R^ina teinporaj’iaj its geographical and climatic distribution and its degree 
of Jiereclitary chromosomal bisexual differentiation. Hermaphroditic or un¬ 
differentiated and weakly differentiated heterosexual variations arc found in 
tlie Alpine to Baltic range which can be converted into cither sex type by 
extreme temperatures in the natural environment or laboratory. The different 
tissues of the embryos naturally differentiate and develop at different rates 
in normal ontogenetic recapitulation of phylogenctically patterned ratios, as 
determined by the chromosomal genic organization, under their equable 
range of temperature which is 15” to 21” C. The complexly interrelated 
and counterbalancing ratios of cytoplasmic differentiation and growth in 
embryonic organs tend to be disturbed in disproportionate, imbalancing rates 
and durations, as heat is increased or decreased beyond the cquilibratory noimi 

As a rule, low temperature accelerates growth and retards differentiation 
in embryos. In tlie premetamorphosis stage the bodies are larger, heavier and 
bulkier with shorter gills and legs and less differentiated livers and kidneys, 
and the average cell size is increased. In higher temperatures than normal 
the bodies are lighter than normal, have longer appendages and gills, smaller 
livers and more highly differentiated kidneys. The gonads in organisms 
that arc sexually cquipotential iiiulcr normal temperature differentiate in 
cold by retardation of growth of the M/f medulla and its medullarin 
(androgen) secretion and acceleration of the F/m cortex and its corticiii 
(estrogen) secretion, producing an F/m phenotype with larger ovaries and 
ovocytes than normal. Heat above normal accelerates M/f medullary growtli 
and inhibits F/in cortical growth, producing the M/f phenotype. Com¬ 
parable sex differentiations under extremes of cold and warTnth arc produced 
in the chromosomally sex diffcTentiatcd males and females of related races, 
causing reversal of the ratios of gonadal cytoplasm against the weak hetero¬ 
sexual genic determination, without affecting the latter. The degree of heat 
is alone sufficient to account for the bisexual differentiation, for sunshine, 
chemical and geological composition of the soil, precipitation and humidity 
were found to be unimportant. 

"Witschi evaluates this evidence as meaning that the gills and kidneys fov 
catabolic waste elimination and the gonadal medulla increase in size and 
differentiate more rapidly, and the liver for storing metabolites and the 
gonadal cortex decrease in relative size, as catabolism and oxidation prevails 
over anabolism under supernormal temperature; whereas the gills, kidneys, 
and gonadal medulla arc retarded, and the liver, gonadal cortex, and body 
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growtli iirc relatively iiicrcaseiU as aiialti>li>Lii ivrcvails over c:italiolism vuidcr 
subnormal temperature. 

Increase of the gonriflai medulla with iiicroase of other more catabolic 
organs in heat is consistent, for the nieiliilla is jimre calalinlic than anahnlic; 
and increase of tlie gonadal cortex with the liver in cold also emisi^tent, 
for it is more analmlie than catahidir. When lieiinajdirodiiic''(///I) and 
clironiosoinally determined heterosexual {JAA.\ uml ././A'V) enihryos first 
develop in sidmornial KMiipentiures, lliey all devrlo(t gonadall)’ and Mimatic- 
ally ill the F/tn direction, and then ni>oii expu-'Ore to siipi'iiiorinal tempera¬ 
tures they gradually reverse in the M/f dlremion with an lieriuapliroditic 
or intcrscxual interim. The spcrniato/oa of citromiisoinal!)’ /LI.YX tyiies arc 
all AXj whereas the ‘ipenuatozou of Hie ,LIXY types arc AX aiul AY. 
Eggs fcrtiliicctl liy liermaphrtiditk' spi-nn, wliich have no si'\ diflereotiatcd 
du‘omosome5j produce organisms with ovaries larger tlian in fertilizalions 
by hetci'oscxually dift’erentiatetl sperm. ^Vii-ichi sugge-*ts*, from the evidence 
on goniidal sccrcEions in parahiosis, that rhk is pnsMlily dun In liermaphroditic 
spermatozoa being cytoplasmically weighted tmvards greater aMaht>liMU hy 
the greater exposure <if tlu' speniiatogouia tn eoniein from the feinalt' gonad 
than hetcvDSoxual sperm, riowtvcr tins may lie, Ireve is imliealive evidence 
of the hereditary triinsniission ol aciiiiired i]iKiiilirative ratios in ihn eyto- 
plastii of sperm. It is consistent, aldiougli in lr-:s degree, wilh the lieltcr 
known inclicaciuiis of the hereditary tranMiii''sion of ijiiaiuftatii'c eylojilasinic 
moclifications through ova. 

The clTccls of different temppratiire, hninidiiy and other activators on the 
growtli, time, rate, duratiiui, size, of special organs (InTlles, wi[lg^, body, 
eyes, color) in miilaiUs of Drosopliihi luiving special well known douiinaiu 
genic determinants, in comparison to wild type as ntinnals, have been studied 
by Ives (19), Child (6) and many others. 'J'liey show that special genic 
tlctcrmiiiants of special tpialitics of cytuplasiuic differentiatioii in special 
forms of growth are quantified in natc and duration hy temperature, lumiidity, 
light, and other environmental activators. While heat directly affects Imtii 
the chromosomes and cytoplasm, lumiidity, light, and other conditions affect 
the cytoplasm more directly and the chi'umnsnmcs indirectly tlinmgh the 
cytoplasm, 

Child (6) found in general that the duration of effects of lieat on growth 
and differentintion of phenotypic characters, in wild types and niuiants [iiul 
Drosophila, vary for each tcniperalurc range, each stage of ilevrlopment, 
different developmental processes, the two sexes, and for different storks of 
chromosomal and genic determination. Mutants arc more markedly affected 
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by slight variations of lieat than the wild typcj whicJi is only markedly 
affected by extremes of heat. It is possible to produce by properly timed 
heat treatmentj in the wild type or mutants, non-inherited phenotypes which 
simulate the phenotypes of known genotypes. The effect of temperature on 
developmental processes, he points out, is similar to the effect of a mutant 
gene, that is, both affect the rate and duration of developmental processes 
and may produce similar phenotypic effects. 

The foregoing discussion shows that the experimental evidence on the 
effects of heat (excessive, equiilhratory or normal, and deficient) on the 
time, rate, and. duration of growtii and differentiation of phenotypic cyto¬ 
plasmic and organic cliaiActeis in Protozoa and invertebrate and vertebrate 
embryos is consistent witli the evidence on orgaiiismic position effects in 
embryonic transplantations (Diirkin, 9; Spemann, 41). This evidence also 
correlates with the evidence of comparative embryology (Arey, 1) and com¬ 
parative anatomy (Tliompson, 43) as animals or plants adapt to new habitats. 
It also correlates with the evidence of human and other animal pathological 
growth under abnormal environmental excitations. 

Cytoplasmic Inheritance 

The present status of evidence on cytoplasmic inheritance is slight com- 
pared to the cnoimous amount of evidence on chromosomal inheritance, 
This may be largely due to the greater difficulty in investigating the former 
and the greater interest in the latter since Menders and Morgan's revealing 
discoveries. !Modcrn studies have been so concentrated on the nucleus and 
genes that no definite theory has been formed of how cytoplasmic differentia¬ 
tion and determination is produced or how nucleus and cytoplasm internet 
(Hargitt, 14). 

Tile gametic transmission of directly acfjnlrt'd characters is indicated in 
Protozoa in the form of repeated, long lasting, quautitative, cytoplasmic 
modifications against known chromosomal determinations, by the evidence 
of Jollos (24), Reynolds (34) and Kiraball (27), on cross breeding of 
types that developed different quantitative cytoplasmic adaptations to special 
environmental conditions which arc differentially excitatory and inliibitory. 

The evidence on cytoplasmic inheritance in higher plants and. animals has 
been conservaLively considered by Sinnott and Dunn (38). Reciprocal crosses 
between two related species (male AX female B and male B X female A) 
are generally similar, and variations indicate that the cytoplasm of ova carries 
liercditary determinants from the maternal side. This has been shown in a 
variety of forms of life. In plants 20 genera having pale green or white 
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fircas or branches lacking chlorophyll have hern ilt'K’rihed in which the pollen 
has no inllucncc on the ofisprinK. Non-Mciulclian inalenuil inheritance 
seems to exist here alihmii^h in other, siniihir ahnornialitirs i^enic determijianls 
have been dcinonstratcd, 

III the Rhoades case of male Meriliiy in inai/r most or all of tile pollen 
(thoiiKh not the ovules) was aborted, (k'liic markers for eadi i»f the 10 
chromosomes were known ami each chroinDsonie was .successfully replaced by 
one from normal stock without alTechiijf the steiililj', indicatiuu that simic 
agency In the cytnplnsm indepemlent of the clinitnosinnes is active. C';wcs 
of evidence for cytoplasmic inlicrit-ancc in reclpnical cru'-scs of hrrhs 
{Epilobifiin /n>ji//iojr with E. loseunt) and mosses (Fuutirin Jiyornuictrica 
with F, meiFiit'rraiim) arc also acccptcih 

In animals, Sinnott and Dunn cite fioldschmiilts lliC(»fy of m-m dcteimina' 
tion in the nintli {Lyinaitlyia) that male tlcteriiiinaiion is carried in a sex 
clirniiiosome and female thterminatum in the cytiiplaMii. Si-veral cases of 
cytoplasiTiic inheritance rcpnrteci for ituiiiimuU are h^s definile, I'hc most 
cojivincing is that of nicrogciiy ri*pi)rt**(l by II:ulorn. lie fertihV.ed tin* egg of 
the snlamatulcr Triton pn!itmti(s Avith the »'peiin of 7\ i ri.\tifius and removed 
the prihitittus nucleus before fusion. 'I'he liaphiid embryo only ilevchipid to 
the blastula stage but a piece of prcsninpiive epiilevmis grafn-d to the einhryo 
'J'. (tlpcslris maintained its ulciitiiy mij dexelopnl in adult si^e and resem¬ 
bled the epidermis of ptijmaius which coiiniluited the eviMphhm. Jn lids 
instance the cytoplasm and not the nuclims was the dniiiinanr hereditary 
factor. Other eases of merogeny in aniiimls and phuiis have not been so 
definite. 

In the snail {Ltmiioffl perer/ra) right coiling (deMiality) ami left coiling 
(sinistrality) occur. The direction of the ctdling of ihe phenotype is deter¬ 
mined in the second or fir.st cleavage division by (he inclinaiion of the spindle 
in relation to the median line. In siniMi'uls ir i-i tipped toward the left and 
in dcxtrals toward the right. Dcxtialiiy bdiaves as a dominanl :uul sinis¬ 
trality as a recessive. Some of the s^nrtils wliich arc phenotypical dextrals 
produce sinistral offspring and they have been sliowii to he Imnio^ygous for 
the sinistral gene. Their dcxtral character must luive l)cen deteiinined by 
a dcxtrnl gene in the mother which determined the muiire nf the cytoplasm 
of the egg before reduction, by tending to a-ivyinerry of division. 

Such illustrations of cytojilasnuc inheritance tbrmigli ova are cases of 
genic determination of the cytoplasm of germ cells in the nuillier before 
reduction division^ carrying over into the /ygnle and early enihri-oiiic develop¬ 
ment, although the conditions are the opposite of the clironuisomal-genic 
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organization of the zygote upon fertilization. Evidence that the genic 
determination of cytoplasm in germ cells is modified by the environment as 
in other cells has long been conclusive for plants and lower Metazoa, contra 
to Weismannism. Evidence is accumulating of such modifiability in higher 
Metazoa, Bisexual reveranls in bipoteafcial frogs under opposite thermal con¬ 
ditions, as previously cited from Witschi, indicate that spermatozoa become 
cytoplasmically F/m through the resulting increase of corticin acting on the 
genu ceils* This is consistent with Willier*s (45) finding that germ cells 
are bisexually equipotcntial in cytoplasmic constitution and differentiate in 
the M/f direction when during gonad formation they settle in the medulla 
and differentiate in tile F/m direction when they settle in the cortex. Evi¬ 
dence for tlicinio-bidynamic bisexual differentiation in germ plasm has been 
cited for Protozoa and lower hermaphroditic Metazoa. Evidence of patho¬ 
logical sterility in man and other higher animals indicates that the germ 
plasm is modified by deficiencies in the blood of any substance necessary for 
viability or rcproductivity, and the nucleus of specific genic enzymes cannot 
use substitutions in building its cytoplasmic mechanism. 

Transplantation of the ovary of an animal homozygous recessive for cer¬ 
tain characteristics (white hair or blue eyes) to one of the same species that 
is homozygous dominant (black hair or brown eyes) docs not modify the 
chromosomes or cytoplasm of the eggs of the transplant. Such negative re¬ 
sults are, however, not truly representative of holistic somatic influences 
against the chromosomal determination, as shown later. 

Sinnott and Dunn conclude that the nucleus affects the cytoplasm in many 
ways and the cytoplasm is the most immediate and intimate part of the 
environment in which the genes operate. The cytoplasm plays an important 
part in the origin of differentiation and size of development of different 
parts of the embryo and serves as minor, secondary means of hereditary trans¬ 
mission, in subordination to the more constant chromosomal-genic mechanism. 
Cytoplasmic conditions and nuclear conditions are never independent al¬ 
though often so cojisidercd when the former behaves contrary to the latter. 
The influence of the cytoplasm on the nucleus is least known but the evi¬ 
dence is npt negative. 

We may conclude: It is experimentally established that the organized 
cytoplasmic ratios of ova and of sperm, although the latter are minute, are 
formed in the germ cell, before reduction, in line with the genic constitution 
of the germ cell and the hormonal dominance of the gonad. The latter may 
be sexually antagonistic, as in sex reversals, or consistent with the genic 
constitution of the germ cell. The germ cell's chromosomal constitution is 
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generally not di'rrctly /nndified hy llit euvimntncnt, and is ofiualiy hispxual 
nr (loiniiiriiit in m fftnalriU'f’S, I'nt its cyjdplasjii in Ft'\ rcvcr.sals 

lieconics the iipixisiti* and Indds the uanieles aJid ntay extend tn the 
and cuihrju CytiniliMnic antajT'HiiMus to the chroimiMnniil (letenniuacioii 
may dcvcinp in iitlier cells nf the urt;aiiisiii, parlieiilarly under cmlijcriuc 
influence, moi'e or Icssi uiodifyinj^ ilic iirtcaiii'<iii's rmirphulri^'y and phys-^Lulniry 
tlie licrcditury c[mnuusmnal iletenniJinrion. 

It is the general ctutclu'^mn in nenetics tliai all celK iil an tirnaiiisni, except 
the iiametes, inherit tpaliuiuvely. quantitatively, uiul imsiciunally like dipUiid 
clunmnsumal complements of liinldy diftVieiUuite<l and specilically active 
genic enzymes. Altluuigh Irenes differ in degrees tsf activity qiialitaiively 
nml qviantitativcly, they arc prnUalily all inure nr less active, as allies and 
antagonists, relative to their cltcinical ennstmetiuns and cltromosumal posi¬ 
tions, loT ^vorking over and hviilding up special pr(iteiiis and other snhstanccs 
and rcbnildiiiK tl^cniselves out oI special basic snhstratus iduained from the 
cytoplasm. Tins theory best fits the evidence nl hna'iling p)a‘ni>iypic cliarac- 
ters and their correlation Avith genotypic chnracterSi Wlu;n, however, the 
chromosouial-pcnic orgnTii/iition is claimed to he tlie soir ilctermiuaut of 
cliffcrcntit\tion and development as well ns evolution it fails to include the 
evidence of expcrimciUni cmbryologyi so wrll shown by Dilrkcn (9). 
Inborn cytoplasmic differentiations in detcrniiiiiUc nio/.aic ogps lieJorc fer- 
tiliz^ation, and in less determinate eggs after fertilizati()ri, iiiul in ilic hlnstuln 
of indeterminate regulative eggs, as well as the cvidejice of enil)ry(nuc trans- 
pljintfttions, diminatioiis, regenerations, and cunipensatory reactions to special 
stimulntions, demonstrate capacities in the cylnplasin oJ germ ami soma cells 
for diUcrcntiation and development beyond the chroniosfjnial'getuc dctcf' 
niinntioin 

The special, reproductive effects (ff genic aciivitlrs im the 

cytoplasm of interstitial gonad, germ, and soma cells is shown, hy the hirc' 
going evidence, to be (jun/iiitfiiiveiy^ adaptively regulatnl hy the ratios of 
different substrates obtained from and returricd to the cytoplasm, which 
are determined by two additional factors: [a) the ratio of cyluplasniic 
inheritance from ancestral cells, back to the /.ygote, ovum, or sperm and 
germ cell cycle, and (Z^) the long continued ratios in the hloml of sjiedai 
kinds of metabolites (hormuJics, organi/ers, proteins, ions) in reaetiun to 
special ratios of more repetitiuus, iiitcrcollular and (.^xiraa'lliiliir, environ¬ 
mental, excitatory or inhibitory, physicalp electrochemical, rmliitional, and 
eliminative conditions. 

The differentiation and development of special tyi)cs of cells ,ii'c largely 
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determined, as embryonic transplantations and eliminations have shown, by 
interactions with other cells oi the same and different kinds in tliat field 
interactive with other fields in forming the organism and organs, through 
the production of special ratios of special electrochemical excitatory and 
inhibitory agents and pressures and tractions in special lines and planes of 
force, lienee the quantitative ratios of cytoplasmic qualities in different 
kinds of cells are all interactive, Interdependent and integrated while tile 
constant chromosoinal-gcnic organization limits their qualitative productions, 
Graded reductions of special properties towards minus and increases of one 
or two properties, as found in all specialized cells, makes each type dependent 
on the products of other cells. No new cytoplasmic property is created in the 
organism by genic action. All cells use the same blood supply for nutrition 
and elimination but use different ratios of anabolites. The differentiated 
sensory cortex, for instance, is the product of special quantitative ratios of 
special protein substances having special irritabilities or instabilities. Thereby 
the differentiation and development of the field of speech is extero- and 
proprioceptive stimulation conditioned. 

Embryonic cells tend to differentiate cytoplasmically from reversible to 
irreversible and from reproductive to unreproductlve ratios with one or 
two major properties dominant, in ontogenetic recapitulation of phylo¬ 
genetic orders characteristic for tJic species and the parentage. Strongly 
anabolic and weakly catabolic cells (epidermis, germ, gland, blood-making 
and connective tissue) retain cytoplasmic ratios that have high reproductivity 
so long as they have adequate nutritional support and elimination with 
stimulation, whereas cells that arc weakly anabolic and strongly catabolic 
(receptor, nerve, muscle) lose reproductivity but have higher irritability. 

Environmental and Cytoplasmic Modification of Genes and 

Chromosomes 

The Lamarckian term "inheritance of acquired characters/’ still in general 
use in biology, is too indefinite for satisfactory discussion unless one bears in 
mind that the Lamarckian scheme does not work ai’id most acquired charac¬ 
ters are not inherited, being somatic reaction changes that do not completely 
affect the whole organism and force submission in its self-righting compen¬ 
satory resistances. 

hdany biologists still hold that the chromosomal organization in germ 
cells is immune from cytoplasmic modification and is the sole determinant 
of evolution as well as an "unfolding” development, for want of conclusive 
evidence that acquired characters in the cytoplasm arc inherited. 
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Rcsortnicnt in tlic diiiloiil elir(»m*LM)ni;ii nr^.ini/,atioii iijiturally' 

attends ernssinj^s in inniiy j^cnic and clirMiini'^niKd iillelic pairs licuvccn the 
complement iiilicriled fnmi tlir failuT and tluit frnm the- jnoiher, forming 
ncAV cliromosoiTial-genio organi/afiuii'; L’niitaininj^f, under Mi-ndcliari ratios, 
dominant and recessive ujiit cliaractcrn fmm i'nili parnii'i, JJrijdoid ledviction 
meiosis follows in gamerc forniatnni, anil a dijtloid ouiiph'iiient is restored 
upon fciiili'/.ation of tlic ovmn i»y a N|ipnn:Un/.(inii. Tlie /.yuoto then has a 
new diromusonuil'gi'mc organiy.atiun with parts dfUTUiincd hy four ivnecstOTs. 
Since tl^cse domiiiiint ami sreu» in I'r (lualiiativdy and quanti¬ 

tatively constant siicli resorllng in a large nuiniier td genes wiihnnt L'lianging 
relative positions In cliromosonies lend.i t« pnidiice inmniuTiiblc variations 
of genotypes and phetioiypes wiiliin species wliicli are limited by viability 
and reproductivity to a dtliiiitt pliylngenic pattern, Sudden more or less 
extensive mutations ns qualitative changes in genes or as augiiientiiig allied 
or reductive antagonistic positions in ilic cliriiniosiunes nuiy also occur during 
the phase of resortmeut aikl crossingt AVheu by chaticc they arc not lethal 
or sterile and lu cdcctively into the phyhigeiwiic \vatiern they n^ay produce 
fertile phenotypic changes that arc great rnongli, upon enviromnental isola¬ 
tion ^vith similar plieaotyprs in mates viirrying liarmonioiis gcnolypcs, to 
build further changes until llicy gradually prmliji’r a new spevies iliat be¬ 
comes isolated by genotypic barriers. Ifcmrp it is held tbar \ariations are 
produced by the resorting of hereditary iinil: eharavti-rs but species nriginate 
entirely through the orderly accuniiilativv organiVation of eliaiici! minor 
genic and cliroiiuisomid iiiutntioiis. 

The follovviug cvulcucc shows that cnviruumeulal modification of cyto¬ 
plasmic ratios may possibly pruduce genic ami chromosomal niodilications, 
with indicaliotis of selective determinatinn. If this is uuc the evoUnion of life 
is based on nutogenously pragmatic ns w\\ as cliaiuT faciors, ns indicated 
by the evolution of increasing autogenous icgiilation of bis(‘\ii:il differentia¬ 
tion and reproduction with suni.atic powers against environmental inter¬ 
ferences. 

About five times more genic niututions occur in Drosophila in a given time 
at 10” C, above noi'inal tcnipcraturc than at normal tcjnprratiire, but 
chromosomal translocations arc much less frequent tinder increastMl heat 
(Plough, 32). Extreme temperatures may increase ladyploidy In animals 
and even more so in plants (Fimkhauser, 11), Qiuimitaiivc then qualitative 
changes in genes seem Vo be first in order, and tlieir clininuktinial iKisilions 
find linkages arc the la'jt and least affected. 'Pliis dilTerenci^ in thermal 
effects seems to be similar to the shocking effects of otlier I'adiations. 
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The metabolism of a cell in mitosis no doubt difiFers qualitatively and 
quantitatively from a resting or working cell and the metabolism of meiosis 
differs in some ways from mitosis, with other physico-chemical conditions 
similar. Some phases of the chemistry of mitosis have been analyzed and 
they indicate somewhat how radiations (roentgen, radium, ultraviolet, heat) 
and chemicals act on chromosomes and genes and cause mutations upon 
crossing over □£ parts. The simple hit-break theory, so long assumed \\\ 
genetics, is that protons or electrons hit chromosomes by chance and produce 
mutations as the result of breaks and translocations, or hit genes and pro¬ 
duce chemical transformations. This theory has been losing confidence since 
it has been demonstrated by Duryce (10, cited by Heilbrunn, \5) that frog 
eggs show chromosomal effects when exposed to only 1000 r units of roentgen 
irradiation but similar nuclei when isolated show no effects after exposure 
up to 50,000 r units. This evidence indicates clearly that die primary effects 
of radiation are on the cytoplasm where they cause a release of calcium 
(Heilbrunn and Mazia, 16). The chemical production of genic mutations 
must obviously proceed first through cytoplasmic substrates. 

Diirkcn (9) has given an excellent illustration of a holistic acquired 
modification that became permanently hereditary. A female guinea pig, of 
a breed that for many generations had produced normal, sound eyes, was 
mated with its brother and given naphthalene, a poison that injures the 
retina and causes opacity of the cornea in particular with other general 
effects. A male and female were born, the male showing stunted develop- 
mciit of the eyes. This male was mated to a normal female of sound eyed 
stock and the next generation (T 2 ) produced all females of sound ej^es. 
These were back crossed with the father (Fi) and produced six males and 
three females. One of the latter had an eye defect like tile father. Continued 
inbreeding up to the sixth generation produced only females with stunted 
eyes. In the seventh generation a defective eyed male was born which died 
before it could be used for breeding. In the tenth generation another de¬ 
fective eyed male appeared which upon crossing with the defective females 
established a new breed in which all descendants have stunted eyes, They 
are homozygous recessive for certain eye determinants. Dlirken^s interpre¬ 
tation's that naphthalene toxic products in tlie maternal circulation damaged 
some of the primordial tissue cells of the embryos which produced defective 
development of the eyes. This comlition was attended, by a loss or injury 
mutation to the hereditary reaction basis of the germ cell nucleus (chromo¬ 
somal genic organization) which was recessive and manifested phenotypic 
effects upon becoming lioniozygous. 
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Tlio ficnic loss miii:aii)n seems to Ji;iv'c followed cli:in|ies in sjiedul cyto- 
plnsniic substrates In tlie ciiil>r 3 'oiiic ijerm cell. 'Vliis series of clianj^cs attended 
but was not iu(kIiicc( 1 by a. iiualilalivrly related cYtoplasmic injury to cj'c 
primordia in the developing embryo, und bml^ effivts be^an with special 
qualitative and/or qviimtUativr effects of naplilludeiw poiwiiiini; ii\ iIk^ mater¬ 
nal circulation svfuch periueiitetl ilic einbry^mic circiiLitioa. Such evidence 
indiciUcs how cliumically fittiiiR acuuirrd cluiractcrs may lu'coiue lieicditary 
and differentiate races in imin and other foiiiis of life. 

Many speculative cxplitnalions on cell rliviMViu Juivo lipen air^'inpicd but 
it IS now reali?.cd that none can hr satisfactory heransc nf die vast ainouiu 
of still unknown [diysical and chemical steps invidvetl. Ilrillnuiin (LS) has 
shown the inipoituiice of cytopla-^iiiic calcium in Cell division and indicated 
how it may affect the cliomical haliuicc in cliroiTUtsoiiiPS. Any protoplasmic 
stimulant can act in induciim cell division, ^vherc such capacities are re¬ 
tained, lienee tlicsc processes arc prohably not Jar differcrit from other 
processes of stimulatinn aiul rcactiun urncrally. Claleium is rclcHsed in the 
cell cortex upon stimulation and iiiiwcs ccntrlpetaHy in the prutoplnMn with 
gelling cfTccta, Calcium vtdeasc, a*s a result o( ferdliv.ation !>v UTiiiicial 
activation of the egg, initiates the dinting or gd;^tion which leads to the 
formation of the mitotic spindle. Miuitie gdaiion apparently involves a 
decrease in the solubility of cell proteins and hears a rcst'nihl,uu:c to blood 
clotting whioli \s dependciu on the lihevation of lalvimn. Tliroiiihin iii- 
crenscs cell mitosis, arul (he nrcilicial reduction of ralciiini ro’ the aihJition 
of heparin reduces cell mitosis, 

ricilbriiiin’s explanation is that posiiivdy cliurgr'd ions lend to lu'Uiralizc 
the normal negative cimrge on the cliroiiiosomrs wliich hold-^ tlivm apart, and 
tliey become sticky. This effect is increased wlien tlie miclvar meiiihiaiic is 
especially permeable or has dislntegrated and tlic chrfllno^oml■s ore fire in 
the cytoplasm, late in the prophase of mitosis. 

The ratios of the different cations ami anions in tlic cell arc nut entirely 
independent of the nuius of special mnuhulitcs in live hlood, uml ihe ratios 
of special ions in die cell arc iiucrdcpciukut^ Long coniimicd ov 

deficiencies in such metabolites tend to inllucnce cumpeivsatoiy suhstitutious 
in the ratios of special substances in gonad and germ and sivma cell cytoplasm 
according to their special constitutions. Although germ ctdls me pnihiihly free 
from direct nervous rcRulation and arc more resistant to nictaboUc changes, 
the isolation is not ns complcic as generally held since Weisiiwuiu. 'I'hc 
evidence for calcium effects on clinnnosonial crossing indicate that excesses 
in some special ionic or protein substrates and deficiencies in otlieis inighi; 
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have specific effects on the quantitative reproductions hence crossings of 
special genes and parts of chromosomes. Hence mulations might be less a 
matter of chance and eiivironmentallj^ inore determined than heretofore 
tliQuglitx The inheritance of acquivc<l cUaractera -would not occur in gross 
morphological changes, as was oiicc assumed, but in the form of special 
quantities of special qualities of cytoplasmic properties. Under special, con¬ 
tinuous environmental conditions such inheritance would more readily repeat 
special morphological and physiological changes. An illustration would be 
the inheritance of increased capacity for developing immunity to a special 
agent like measles or small pox which seems to be greater in collective civil¬ 
ized than isolated primitive peoples, 

Thermo-Bidynamic Ortgtn of Bisexual Differentiation 

The bidynamic constitution of the cell and the decisive differences for the 
thermodynamics of life of structuralized energy and free energy, the strong 
or weak quantitative ratios of special anabolic and catabolic properties in 
chromosomes and cytoplasm, the ratios of male and female genes in chromo¬ 
somes of haploid gametes, the chemical drive (from imbalances) for union 
with self-preservation of viability and rcproductivity in-the gametes of uni¬ 
cellular and multicellular animals and plants, the differences in rates of 
activation of anabolic and catabolic processes by heat far more than other 
environmental factors, and the hereditary transmission of acquired cyto¬ 
plasmic ratios and their possible effects on hereditary chromo.^omal reorgani¬ 
zation, arc sufficient evidence for the construction of a theory of the thermo- 
bid 3 mamic origin and evolution of bisexual differentiation. 

The origin and evolution of bisexual differentiation must be consistent 
with other somatic, cytoplasmic differentiation, since different parts of the 
same chromosomal complements are more or less active in both. The 
autogcnoiisXcxogcnous processes that originally differentiated protozoan cells 
bidynamically and reprodiictively have continued to carry on such differen¬ 
tiation in the evolution of Metazoa. 

Dominant or strong and recessive or weak allelomorphic genes are quali¬ 
tatively related but contrast qiiantitativeljq as more or less, in each individual 
of a species, hence may be expressed relatively in ratios of plus and minus. 
The summation of genic, allied and antagonistic, diffeieiniating effects upon 
the anabolic or catabolic side of cytoplasm also varies in plus or minus 
diiections. 

Nuclear and cytoplasmic properties arc evidently interactive, and whatever 
their differences they sum up in the anabolic and/ov catabolic ratios of the 
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cell which works holistically to ;wqiiirc energy mol use it ftn viahility suitl 
rcproductivity. The hitlyiimnic nil;k)s of cells, luiti of or^aoisms of cells, 
determine tlicir balance for viability and reproduetiviiy, Tiie ratios of the 
ag(rrcjratC 5 of anabolism and the of cnlaludiMii of iiidivicUml cells 

and of organisms range froii\ equally slroog to putuilly Wrak, to little or 
much strcingci' or tveaker than nrcessary for njuildtraiKiiK 'riic total strong 
and weak juiclear and cyiijpla<iiuc nnaliolie b» catalxilic propeilies in all 
living things, inelnding nnicellular orgaiiiMiis and inuUialliilai organisms 
ns wholes aiul their gonads and gametes as pans, may tlievefove he rcpvc- 
sentcti as relatively plus or minus. 'I'lie t|iianiitritivi'ly ‘•irong aggregates of 
cellular anabolic factors may be syiiiholi/ed as more or less and weak 

aggregates of anabolic lacUirs as inoie or Icris -J- and strong aggregates 
of catabolic factors ns more or less (! ( ; :md weak aggregates of catabolic 
factors as more nr loss (J —. 'I'n illustrate: the cytoplasmic hiilyiiainie ratios 
of germ cells, at least in lionnaptiroilisin ami niT-r^ible iKirroseviialism, arc 
et|uipotciitial and difrerentiale in nitiih that arc uiiipoli'iilial after settling 
in the medulla or cortex of tlw gunuiU. 'I'hcy become, respiciively, //*—(j+, 
M/A or /f-K’—, F/iir, 

The quantitative ratios and i|ualitativc intensitiis of itiiaboliMii and 
catabolism of the cell arc differeiiiiaicd and grailed by iricn-a'^es in' decreases 
(beyond an equilibrating mean pccnliar to its chemical cniisiitution) of 
special environmental energies, as they augment nr reduce tlu; rate of 
autogenous activation of special parts niul pr<>)ieri:us of tlic cell more often 
and more intensely than otlmrs. 'I’liis rule applies to animal or plant cells 
of any type and is the basis fur the adaptation of growth and difftirentiatlon 
of solitary or colonial unicellular organism^ nr cells in imilticellular organ¬ 
isms. In the cell as a bi<lyniunic whole, external equilihraiing conditions 
arc catabolically reductive or mhibitory, and iheriby relmively incira'ic the 
ratio of anabolism. Exmtatory and other activating environmental vanatiuns 
relatively increase catabolism and thereby dccieusc the rutin uf anabolic 
■ resources. Generally, a greater rate of anabolism over catuliolism produces 
greater, undifferentiated gruwtli and larger of cclU, with increase of 
rcproductivity; whereas greater catabolism tiiiin aiuibnliMU produces greater 
differentiation and smaller cells with more Uepcmioiicc m mitiLtumal support 
from other cells, and reduction of reproductivity. 


Increase of beat, exogenously or autogeiuiusly, within vialilr liinitalimis, 
more than any otlier activating factors, accoleruLcs, intensively nnd exten¬ 
sively, more active, rapidly oxidating, cuergy-rekusiiig, lieat'prdduciiig 
catabolism faster than less active, heat-absorbing, energy-uphuilding, slowly 
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and slightly oxidating anabolism, and produces a catabolic dominance with 
anabolic deficiency or an A —biclynamic ratio. In striated muscle the 
rate of oxidative catabolic contraction is 120 times as intense as oxidative 
anabolism, (Kard, 3). Thermogenic differentiation probably follows the 
chemical law of doubling for each 10“ C. This tends, in germ cell equi- 
potcntial Ai/F bisexuality, to make ^ M/f cytoplasmic differentiation, in 
Protozoa, and in germ cells, gonads and gametes of Metazoa. 

Decrease of heat under the equilibratory mean (cold) retards the rate of 
catabolism more tiian anabolism and produces anabolic dominance, or an 
ratio, tending to F/m cytoplasmic differentiation, 

Variations in light and humidity, and strong and weak contact stimuli, 
and chemical activators and inhibitors, have comparable though weaker 
differentiating effects which may summate with or oppose and reduce heat 
effects. They are, however, chemically too limited or specialized to prodvicc 
the universality of bisexual differentiation, although they influence other 
somatic, cytoplasmic differentiations as they are converged repctitiously on 
the outer surface (ectoderm) or inner surface (entoderm) or internally 
(mesoderm). 

Environmentally acquired modifications of inherited cytoplasmic ratios 
evidently quantifyj in proportion to their depth and extent, the reproductive 
qualitative effects of more stable hereditary chromosomnl and genic deter¬ 
mination, producing a limited elastic range in tlie adaptations of learning and 
growth for ontogeny and phylogeny. Hence any synthesis of the origin and 
evolution of differentiation of the bisexual ratio must be based upon the 
sensitive, equipotcntlal A-\-C-\~ bidynamic ratio of primitive protoplasm or 
of the whole cell, and its inclusion of the inherited M/F bisexual ratio in 
cytoplasm and nucleus, and the acquired thermal and other environmental 
modifications of cytoplasm producing possible quantitative and qualitative 
modifications upon the reproduction of genes and their organizations in 
chromosomes. 

The grades of viability and fcproductivity of the anabolic/catabolic organi¬ 
zation of living things naturally divide them into four, major, constitutional 
bidynamic types or ratios. These exist in unicellular species, and in the 
gametes, zygotes, and cells of organisms, and organisms as wholes, of each 
multicellular species. They include the strong anabolic and strong catabolic, 
A-\-C-\- or hardy j well balanced, vigorous ratio; the strong anabolic and 
weak catabolic, A-\-C- —, more kypokineiic ratio; the weak anabolic and 
strong catabolic, A —fj“hi more hyper'ki/ieiic ratio; and the weak anabolic 
and weak catabolic, A — weakly viablej unreproduclive ratio. 
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If four major bitlyiuimic rniius or types ^rc naturally ptiuIucimI \t\ uni¬ 
cellular as well as multicellular animal atul plant v;uim'tcs, liow then do 
they dilfcrentiatc into two aimplcmriuary rcpnnUictive ui' sex types and 
other infertile types Aiul luiw do the rcpuHluciive types in viahiLity 

and rcpftiductivity, pmdiifinu /yt'otes and or|»afUsius ranuinK from vinoroiis 
fertility, to sterility of suixrrsrxes aiul ijilcrsrses, lo lellial alinrtfiuis? Vor 
siiupli/Tcatioii we will first cimsidrr niiiLrllnlar ililff'rnUiarinnj tlini multi¬ 
cellular ((uinetic diirercritijitian aiul last imilrkdlnlar nrj;aiiiuuic differen¬ 
tiation. 

Tlic biclynamic ratios of tolls .as wlicdes include, as pi'evi'oiisly said, the 
chroinosoinal and the L'yuiitlasniit liisexiial ratios, uliitli cliemical and 
thermal sex reversals show are not always tnnsisti'nt, lienee symlioliL' dcsig- 
nation of the ratios of the wliole and of its cliroinnsniiuil arul cytoplasmic 
parts is necessary for discussion of their diltVrentiation in hist-xnal rviilutioii. 
A ox C is oliviomiy not to he identifuMl witli M ov t\ hut the lavin of A to C 
includes the ratio of il/ to F, 

lu unicellular utftauiyus the hardy, equipctUMHi;d ,7-| f''-!' ratio is able to 
reproduce tvitliout conjuttatioii until it hocomcK, under iheriuah luminary 

or chemical differentiation, either tin tinlmlnjicrd .7 1 fr . nr A--'(J h 

or a weak, sterile A — C — ratio. I'licsc three t'iul types of initnoV will dis¬ 
integrate unless they can reorganize themselves or Lonjugate with lilting 
complementary opposites, 'i'lic aiilogenous selection iiiid coiijiig.'Liion of an 
type with an A —f7-f- type produces nri J ) rejuvcjuited, re¬ 
productive, well baliiiiccd, bidynaiuic /yuf>tr pritvided rliat rmteniiidly lethal 
genic combinations do not exist in their cliroiiiiiscMiiid ciimideincnts. The 
conjugation of any other run down cunihinations produces a ton severely 
imbalanced ratio with either anabolic or catabidic weakness, tending to ’weak 
viability and leproductivity, hence sclf-olimiuatiuiu Mute thun two mating 
types have been described by Jennings (21) and Soiuwlunn (d(l) for 
Paramccia, They probably constitute subiypcs within tiu* .7—C’d- and 
ranges of rcprodtictivity. 

This reproductive, nutogcnously selective, bidynamic, clilVercn tinting 
process applies equally well to nicrazoan germ cells, gaiueies and zygotes. 
Germ cells reach the end products of division in fertile ova as the — 
type or fertile sperm as the type and infcrLile ova or sperm ns 

A — C — types. The union of an /7-|-(7—• with an A —r/-(- gamete producer 
the ^7|-j-C'-|-, rcj>rodiictivc zygote, provided the genic comhiniitiiins are favor¬ 
able. Too great chemical displaccmcntH williin tile hi(lyjianiic ratios of 
zygotes become lethal or sterile in embryonic growth and scgreg.ate genotypes 
to reproductivity within species and sometimes ’witliin varieties, 
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Pfirthenogeiuc metazoan ovft must be strong in both ratios, approaching 
the equalization of non-parthenogenic zygotes, but arc characteristically 
stronger on one side than the other for they produce only one sex. The 
parthenogenic, haploid growth of male bees and the parthcnogenic, haploid 
growth upon catabolic shock, of female rabbits (with rudimentary male 
organs), indicates that a viably adequate although not equal ratio of 
nnabolic/catabolic factors has been retained in the ovum which differs quan¬ 
titatively from the ratio of diploid zygotes. As bidyivamic differences in¬ 
creased in gametes, unioji became increasingly necessary for fertile repro¬ 
duction in successive generations. Artificial parthenogenesis in mammals 
does not coutradict this generality. 

Autogenous selection in metazoan gametes, as in protozoan gametes, of 
unfit, lethal or sterile anabolic/catabolic combinations results in elimination; 
whereas the selection of opposite, complementary, viably bidynamic and 
potentially fertile, bisexually differentiated ratios or types is reproductive. 
TJic same principle applies to fertilization In plants, We may now follow 
the J/C ratio of thermal bidynamic differentiation and its inclusion of the 
bisexual M/F ratio of cytoplasmic and nuclear differentiation and its inclu¬ 
sion of tlic bisexual ratio of chromosomal-genic differentiation AAXX and 
AAXY through unicellular and multicellular hermaphrodism to lietero- 
sexuallsm. 

Zygotes or germ cells of some Protozoa and some primitive species of 
algae are bisexually equipotential and seem to reproduce in either the male 
or female direction in rcsijonse to quantitative differences in activation by 
environmental conditions (Danforth, 8), Sucli cqilipotential zygotes or germ 
cells may be assumed to be bidynamically Ac\-C-\- and bisexually M/F with 
no effective bisexual differences in their chromosomes. But their gametes 
become male with A —C-]- bidynamic and M/f bisexual ratios, and female 
witii A-\-C — and F/m ratios. 

These conditions extend to multicellular plant and animal functional 
hermaphrodism. The zygote is also equipotential and M/F^ and a 

similar A- —C-|-, M/f ratio exists in the sperm and an A-^C —, F/vi ratio 
exists in the ova. Quantitative differences in the bisexual ratios of chromo¬ 
somes and genes begin to emerge in amphibians as shown by hermaphroditic 
and hetcrosexually reversible frogs, 

Sperm and ova of Protozoa and Metazoa have opposite quantitative ratios 
of anabolic and catabolic cytoplasmic qualities, in hermaphrodism and in 
hctcrosexiialism. In hermaphrodism the bisexual ratios of genes in each of 
the two strings of chromosonies seem to be equal, whereas in hcterosexualism 
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bisexual clironiostimal tlifEcmccs appear ami Jneytase, find are attended by 
ijicreasing gonatliil difTcrcnitatinii in tbc evolution of amphibians to reptiles 
Co bints aJid reptiles to mamnials (Witscln, 47, 48)^ 

Ilcteroscxoalism evidently evolved from Itcrmapluodism Avitlt progressively 
increasing bidynamic and biscxtml differentiations in the cytopla^in of tile 
germ cell—gamotc—'Aygote—gmiad—germ a-ll cycle, iintogciuuis deter¬ 
mination ngainst cnvinimvicviUl iiuhalaiu'rs umounluU'd in reproductive 
sclcctioiv. 

Such adajitivc, ftccnnmhuivc, cytuplasmic differentiation probably led, with- 
in viable and rcjirodnctivc limitations, t(» sonn* slight, one sidl'd, quantitative 
(dominaiu-rcecssivc) variations, foUmved by ipuditalivr variiuioqs in the 
diploid genic reproductions during meiotic chromosomal cnbsiiig and tc- 
organi/.atLons. These genic cluinges predisposed, tlivongh tire greater economy 
and potency in the reorganization of more clo^^•Iy allied position effects, to 
bldynamic cliromnsomal translocatiunx wiili ilu* tendnicy to more eccnuimical 
same-sex gene convergence tlirongh Hnkagr in out* chronmsoiiie (kumvn as 
A^) with less in its opposite O') and opposite sex gene distribution in tlic 
nutosonics (W) (Hridges, 4). All ovp and half nf spcrinato>'o:i in jnany 
species (fishes^ innrnniiils) arc niilcc in sex cliioinosoincR, and half of ovn 
and all of spermatozoa are alihe in otliers (fislirs, birds), ^I'lie niiiiiiinalinn 
ovvnn has a bisexual F/m ratio with AX elirooiosoines and an A-\ (l — 
holistic, bidyiinitiic ratio. 'Hie AX ±ipGrinato/-t)Oii has als() ai^ F:m elirruno- 
sonial ratio but an A —f7-(- birtynamic ratm because of iis J/// rytoplasiu, 
whereas the AY sperm is chrojiiosoniully M/f w!i|i an M/f cytuidasin lienee 
is even more strongly A —rTf-- ^J'bc lalicr conihinalinn seems sligJirly more 
active since more males tlian females are h(»rn, lienee prnhahly more 
fertilized. 

Zygotes differentiated progressively from the. cquipntencial hernniphruditie 
A-}-C-\~ bidynnniic, M/F bisexual, AA chnnnosnnial pattern tri the liereto- 
sexiial /y+67++, M/fi A/IXY male and yy+-|-C'+, F/tiij AAXX female 
pattern in evolution in the maminnliaii direction. In birds the zygotic dif¬ 
ferentiation is AAXX for males and p'/nij 

AAXY for females, 

Every grade of hermaphroditic bifertility to heterosexual unifertility and 
supcrscxual and interscxiial sterility is explainable on the same plan, as 
grades of more or less reproductive anabolic/catabolic ratios. Complete 
balance qj bisexual M/F and of anabolic/cataliolic in 

the chromosomes and cytoplasm of the zygote is characteristic (^f bifertilc, 
hermaphroditic species and of sterile intcrscxualfi in lietcinscxnal species, 
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which are forms of regressive hermaphrodism. Intersexual flies and moths 
have been interpreted by geneticists (Goldschmidt, 13) eis resulting from 
too complete equilibrium in male and female determinants in chromosomes 
and cytoplasm- Sterile superfemales seem to result from an overweighting 
of strong anabolic over a viable strength of catabolic factors 
and sterile supermalcs follow from an overweighting of strong catabolic 
factors over a viable strength of anabolic factors 

Androgens are more oxidative than estrogens, and the A/IXY chromo¬ 
somal complement seems to he more oxidative than the /I/IXXj and male 
phenotypes generally have stronger catabolism than female phenotypes. The 
difference in rate of growth of the cortex and medulla of the gonads and 
their quantitative production of the two hormones (corticin or estrogen and 
mcdullarin or androgen) increases with increasing bisexual differentiation in 
the cliromosoines. The M/f chromosomal complement is a more active deter¬ 
minant of gonadal growth than the F/?n* Cortin (from the adrenal cortex) 
is also more androgenic than estrogenic, and excessive heat is more actively 
oxidising than deficient heat, and catabolism in any form is more oxidative 
and thermogenic than anabolism. Herein autogenous chemical and thermal 
kinesis liave an allied, determining, oxidative action on bisexual differentia¬ 
tion. They may summate with exogenous heat and other chemical oxidative 
effects and become adequate for fertility; or they may become excessive and 
sterilizing; or they may oppose cxohonnonal aiicl/or exothermal effects 
which, if stronger, detennine the direction of cytoplasmic bisexual differen¬ 
tiation against the chromosomal determination. 

Laws of thcrnio-bidynamic bisexual differentiation may now be formu¬ 
lated from the foregoing as follows: 

1. Xlte c^topla5?nic effects of equipolcnlial chroviosom^il hisexudVity are 
differentiated in the A — M/f direction by increase of heat over the 
equilihraiiug mean and/or by androgenic substances; and are differentiated 
in ike A-{-C —^ F/in dweetion by decreases of heat under the equilibratory 
mean and/or by estrogenic substances, 

2. As the jatio in bisexual chroinosomes increases, the ratio of bisexual 
differences in gonads and hormone prodnetion increases in the same direc- 
tiOHj and the cytoplasmic reversing effects of opposite sex hovmoues and 
opposite variations in environmental heat decrease. 

3. Fhe determining effects oti the bisexual differentiation of cytoplasm 
by heatj chromosomes or hormones may he allied and consistent or antago¬ 
nistic and reversing and variously confusing to growth in its transitions 
from hennaphrodism to heterosexuaUsm, 
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TJie JoiiRf slow cvoliilion of luw'fr to fiit'Iier iiu'tii/iiiin IiLTuiajilirodism to 
hcteroscxualUm passed, in the vervebratf diri'ctioo, ilnnujih a series of staRcs 
of increasing power in cliromohomc ilifi'ercnliati'nn, prniliiciiijr a Jiiore decisive 
cj'Coplasmic differentiation of uunails and goiuidiicts and an udrLMial cortex 
that supported an increasing avitngeuous, neuiohninoTal ihennal n^gnlatlon 
to counterbalance the cj'iofdasiiiie fex-rovi*r.‘'ing rlfrcis of exiignums tliermaf 
variations, These stages incliule siniiiltaneoiis, self-frrtili/.iug li(‘rinaplirntlisin, 
nUernatiuK^ cross Ecvtili'/.ing hermaphrodisiu, pnlei\ii:iUy liifertile, reversible 
hctcrosCMiialiam, and iinifcrtile, irrevcrsilile heternM-xnalisni, TIu'se steps arc 
surnmarily presented here to outlmc the fvidiaimi of hisexual differentiation. 
A Luorc coinpletc pccsciUatuin in iclatinn tu it*' (uUogeneiic rc'capitiilation 
in ruan has been prcscJiucd in otlier papers (Krmpf, 25, 26). 

Ill equipntential, self-fertilizing herniaiihrotlNni (hydra, spiuiges, worms), 
fertile, scx-dtrtcrciuiutcd gonads exist umanuitaiuly, hence the hidyiuimic 
ratio of the J'.j-gote is //-hC-f-j its chroinosmnul lM>(*xuaI ratio is J// (for 
no sex cliftcrciui.'itcd clir<iiuosomcs exist) and its cytoplasm is c:t|uaUy il//J'\ 
The gonadal and germ cells have like diploid chmiuosomes hut become 
cytoplasmicaUy diflcrentiatcd by dilTcreiices in external heat ruul clcctro- 
diciuical substances due to their special positions in the organisni and extemal 
environment. The female gonads, germ cells and ova bccoini! hidyiiamically 
and cytoplasmically I'/m relative to ilii: niiili: gonads, germ cells 
aiul sperm wliich have become and M/f, Since ex peril nerUal cross 

sections of the whole org.inism reproduce wlinle, bifeitlle, hignnadal organ¬ 
isms tlic cytoplasmic difTorciuiatioii in special cells is weak and reversible 
without chTomosomal Umitaiinn us to sex ur otlirv clvavaclers. 

In annually breeding, altcriiuting, or rcvcrdhle cross-fcrtili/.ing licrnm- 
phrodism (mollusks and such lower vertehriites ns lainprej’s) evidently 
greater bisexual cytopUsmic diflcrciuiuiwm exists in the gonads :\iul germ 
cells for they develop alternately in M/f and F/m nitios, probalily still with 
little resistance in chromosomal bisexual diffcrcatiation. 'I'licsc conditions 
suggest that hetcrosextud ffCtttc aud chroinosauial ('/ijJereMfifi/irjiir fti flei/n ceil 
iii^iosis ffraJually {ollouftd such cytoplasmic diffcrcutiatioas as th'fivaiives 
rather than as nuiecedenls or ailcfnlam acci/icuts, as still Iicld by most 
geneticists, 

In reversible heteroseximlisiii (poikflotliermic fishes, eels, [imi'liibiims and 
probably reptiles) potentially bifcrtilc M/F gonads exist, but in eiinablc 
thermal conditions dominance of cortical or medullary growth, as a weak 
chromosomal differentiation determines, holds the oilier in rudimentary inliibi- 
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tion. A decreasing reversibility or increasing resistance to thermal reversal 
has evolved here. In Witschrs Alpine and Baltic frogs the F/ui hetero¬ 
sexuals become partly reversed to licrmaphrodism or completely reversed to 
M/f as graded by exothermal fluctuations during the larval stage of differen¬ 
tiation, and the ]\I/F hermaphrodites can be converted to M/f males by 
exposure to supernormal heat during similar periods of growth. In exotlicr- 
mal bisexual differentiation the cold of early spring produces more females 
than males and the warmth of late spring produces more males than females, 
consistently v'ith or in reverse to the chromosomal determination, resulting 
in great inequalities in the ratio of sex populations in ujiseasonable thermal 
vaiiatioirs. 

The preceding evidence shows that in reversible heterosexiialism the range 
of environmental heat above the equilibrating mean determines an j- 

bidynamic diffcicntiation of the einbrj'onic organism and an M/f gonadal 
differentiation and heat below this mean determinGs an /I-\ — \-C-\- bidynamic 
organism and an F/m gonadal differentiation, in wcaitly thermogenic ani¬ 
mals that have a weal: AAXY or A A XX chromosomal differentiation, This 
reversible level of bisexual evolution is an improvement in self-determination 
upon alternating herinaphrodism. Progressive chromosomal sex differentia¬ 
tion is found in fislics and amphibians but the differences are not as strong 
as in more highly thermogenic birds atid mammals. Chromosomal determina¬ 
tion of the differentiation of the adrenal cortex from the urogenital ridge 
in support of autogenous heat production and conservation is also still very 
weak but not entirely negligible. 

Reptilian bidynamic, cytoplasmic and chromosomal sex differentiation be¬ 
came greatly extended in birds. Here the cluomosomal bisexual differentia¬ 
tion seems to be nearly as higlily developed as in mammals, but the ratio of 
the gonadal differentiation remains reversible. The adrenal cortex support 
of thermogencsis seems inadequate in the embryos, who are thcrmogenically 
inconstant and dependent upon parental thermal support with additional solar 
support. Elimination by disease or surgery of the left, completely differen¬ 
tiated, F/m ovary in hens lets the right, incompletely differentiated, M/f 
testis-ovary develop, Fowls then not infrequently undergo reversal from 
F/m to M/f in organismic sex characters with production of fertile sperm 
instead of eggs. 

The evolution of ovoviviparous reptiles to viviparous, placental, mammalian 
marsupials to true placentals seems to have been dependent on the con¬ 
comitant evolution of a stronger chromosomal bisexual differentiation and its 
determination of a decisive, unifertiU gonadal bisexual differentiation, 
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accompiinicd by a ^;rp:itcr ndrc;nal conical ami ntviral (liypnihabniic and 
cerebral) means of rtf;iilatmti tif licat pniductifin aiu! radiation towards 
increasing constancy of body temperature against environmental fiuctiiatioiis 
of heat. In mammals, increasing capacities for regulation of licat production 
and radiation evolved from nionotrcmci; to inarMipiaU uv rujems, vingiilatcs, 
carnivores, to tlic niithropnids, culniiiiutinK in man. 'J'hc progresi^ivT, bisexual 
cliroinosoiiial diRcrentiatmns liavc been accciinp.inied, no doubt, by increasing 
chromosomal determination of the growtli of organs (or beat pitnlnciiciii and 
conscrvatioi^ and nephritic cluninatvou of iiwiabolvc wastes. 

It is evident that in birds aiul inaininals tlic bidynamic ratio of the male 
if-ygote has become increasingly the ebromosnmes and cyto¬ 

plasm more strongly M/f, whereas the female lias become inure //-b-l-C-f 
and ttic diroinowmKs and cytoplaMn mure strongly /'7ui. 'rius has determined 
a greater bisexual gonadal diderentiaiinn lienee organisinic diflcrentlation. 
The degree of resistance to exotfiernial sex j'cvcn‘'‘nl in placenial embryos 
has not been reportedj but increasing resistance lo liurniunal reversal is indl- 
cMcd in cafaivorcs and aiuhropoids over ungulates and rodents (Witschi, +7). 

Protracted excessive heat is stcriliVing for M/j and l\hn germ cells of all 
species, Tills produced a special problem for life as auiotliermogeiicsis 
reached a biglicr anti mure constant tcniperatiiTc. As previously notodj 
androgenic inctabolisui [s innre highly uxulalivc and thennogenic tlian 
estrogenic metabolism, and the il/// cliroinnsonia] cnnstliutioii is probably 
more liiglily oxidative than i)tc I'/ffU -[“i d/// idicnolypcs are 

tbcvmogenically higlicT and more consiani ihan // |-f f/ K f'/fo phenotypes, 
and both are Jiighcr in cstrus than in dicstriis. The bucly temperature of 
male liiglicr mammals is suJIicient to stcrilj/c the germ cells of the more 
active male gonads whereas in females the noniial body tcniperatiire supports 
the internal retention of the gooad^i, ova and enduyus. Plvis rouMstcntly 
supports the theory that sex difIcrentiatHin i:; basically a tlionual differentia¬ 
tion of bidynamic ratios. In lower mammnh, ns aiitotlicrniogrncsis and 
gonadal and chromosomal intensity increa.scd, sterilii^atiuii M'ns prevented by 
temporary mfgrfltion oi the testes outside of the. bndy into thctnuilly re¬ 
ductive scrota during seasonal cstrus (Aloorc, .10). In higher mainnials 
the evolution of higher thermogenic coivstancy tvas atlciulcd by greater csLriinl 
frequency, nnd early, permanent scrotal descent of testes. 'Tlii-s course in 
evolution is consistent with cxothcnnic, bidynamic, bisexual clirferciiuations 
of amphibians and other poihilothcrmic animals. 

The evolution of bisexual cliromosoninl arid goiuulal difTcrentiatiou is 
accompanied by evolution in the regwUtion of heat production and radiation 
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as a supporting, counterbalancing factor against sex reversal or sterilization 
by extremes of environmental licat. Up to the vertebrate level the adrenal 
cortex seems not to have been difEerentiated. In fishes two small separate 
adrenal glands exist, one of mesodermal origin derived with the mesonephros 
and gonads from the urogenital ridge, and the other of ectodermal origin 
derived from sympathetic nervous ganglia (Shumway, 37; Arey, 1). The 
former is known as tlie adrenal cortex and the latter as the adrenal medulla 
since in mammals the former surrounds the latter to form the adrenal gland 
as it migrates to the upper pole of the kidney. They continue to function 
separately but with remarkable reciprocity m the regulation of heat 
production. 

The adrenal cortex seems to be more closely related to the gonadal medulla 
than the gonadal cortex, for its hormone (cortin) is more androgenic than 
estrogenic and has Mfi differentiating cytoplasmic effects upon the growth 
of the genitals, skin, hair, and other sex cJiaracters and on sex behavior. 
Cortin is indispensable for maintaining a high rate of protein-oxygen 
catabolism in nerve and muscle for heat production and work. Through its 
effect on hair and feather growth it also influences heat conservation and 
radiation. Cortin deficiency in man and other mammals is followed by low 
heat production and thermal inconstancy with reduction of resistance to 
either extreme of heat or cold. It is indispensable for gamete production 
and pregnancy in placcntals (Wolf, 49; Hoskins, 17) and basic for life 
itself in all vertebrates. In the human embryo the adrenal cortex is at one 
time more than one-third as large as the kidney (Arey, 1). It then recedes 
in size (prcnatally and postnatally) relative to the kidney and other organs. 
Heat regulation in the fetus becomes increasingly autogenous and supportive 
of the chromosomal and gonadal determinants of sex differentiation, The 
degree of heat radiation from tlic mother to the fetus is no doubt physio¬ 
logically inadequate for the needs of embiyonic growth and bisexual 
differentiatioiL 

The origin of the adrenal cortex and gonads from the same part of the 
urogenital ridge suggests a closely related chromosomal determination. Since 
the adrenal medullary hormone (adrenin) supports the sympathetic system 
and hypothalamus in the neuromuscular regulation of heat production and 
radiation, the union of the glands over the kidney indicates the importance 
of economy in qviantity, quality, space and time or form, rate and duration 
of use of energy as well as in capturing and building energy, in the higlier 
evolution of tlic mechanistic organism for greater self-regulation of heat 
production and radiation, work and reproduction. 
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ONJOliKS'V U^■ IhSJ-XUAI. DlrriiHKSlIATION' 

Ever/ cell, cvciy (ir^nn iwd the orj».'inisin as ;i wliolc arui all Its functions 
fire (fl) biilynaiuically, (/)) duumnstwttally aiul (r) Imnnonally liiscx\mlly 
(liffeitntiateil. "J’hc Imli^tic nf ftiiKtiiuiinj; (if the organism pro- 

tlucinR the personality is also (//) aitiloilliially socially stiiiiulatidn-coinlitioii- 
ally biscxiiiilly differciitiatcil. All ol lliese four fiilTcmitiiiturs 111:13' he in 
liarmony with one iinollit-r anti consistent witli llic liasic cliroinosninal ilifftTca- 
tiation, prodiiciiif' licaltliy, Imppy, (‘flicient fnnctfnjiiMj^. Or, any of these 
tUfiereiuiaUirs may he aiiumonistic with niorn or hss iienrutic and arresting 
or TCRfcssivc ami confiisinp effects on organivmic growth. Social hiscKual 
differentiation may he in lianmmy nr in conllict with a normal or almormal 
org.'iriisinic bisexuality anti productive of a serious neuTosis. Hence tlic 
pliysician must estimale the degrees of inlluence of all four differentiators in 
his patients. TJie hidyiiaiiiic diflcrcntiafioii Is shown in the CJiergi' for sclf- 
dcterminatirm against uppositiniv'i. The chroniosonial bisexual diffenmtiation 
Is manifested in the family hercdilj'. Tlie gonadal lioriiional iiml adrenal 
tbermoiTcnic liurmanal effects arc shown ia tlic Imilily characters, l‘hc atti- 
tuciinal and social differentiation is shown in repetitious compulsive 
emotivations, 

Sclf-prcscrvntivc fuiictianlng and bisexual functioning do not work sepa¬ 
rately ill life. The organism works tliroiigli the organi/.aiioii of juiictirmiiig 
to produce attiiiules giving a sirtnni of con^ciml^l^’^s of-sclf-in-ciuironmoiit 
for equilibrating the needs of its different organs as they arise, hul: normally 
all parts funcEion intcractiv^dy as a whole for self-preservutinn of luacunuinn 
in the reproductive dircctimu 

The ontogeny o( man like other animals recapiudales its phyUtginy in 
an orderly series of steps from v-ygole lluinigb organismic devehipnient to 
senility, These steps include llie prenatal differeniiatiim rif tlie gonads, 
gonoducts, and cloacal-pcriiical organs from liennaiilirodisin to lietern- 
scxualism (Kempf, 26 ). The postnatal differentiations inc?hidc the slower 
conditioning of the cerebral cortex in lower to ingber iiitegr.'itive rmiscious- 
jiess-producing levels by tlic internal physiolugical and niorpliological order 
of changes interactive witli steps in the cKOgcnnusj bisexual sociali/.atum of 
the developing otgauizntion of ihc personality. Kucb diffrrrntiaiiun pro¬ 
ceeds in an ovilerly sequence nf stages, 

(n) The primal, atitoerotlc, sdMovc-inaking lliroiigli Irai'niiig oral, anal, 
uretbal, genital, manual, autonomic-affcclivc and .uimatic-kjimstlicLic attiuid- 
inal, verbalizing and symbnlizing arts from infancy tlirongli puberty, 
recapitulating the behavior patterns of self-nintiiig liermaplirndism. 
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(b) The alternating homosexual attitude and love-making interests of 
dominance or subordination with a weaker or stronger same sexed mate, 
recapitulating patterns of cross-mating hermaphrodism. 

(c) The weak stages of heterosexualism reversible upon frustration to 
Jioniosexualism of postadolesccnce, recapitulating the reversible hetero- 
scxualism of lower evolution.^ 

{d) The stage of irreversible heterosexnnlisin of inorpliological, physio¬ 
logical and psychological maturit}'. 

(e) The tendency to regression towards intersexuaUsm in senility or upon 
castration. 

Neurotic autonomlc-affectivc regression towards intersexnalism upon 
heterosexual frustration, tending to cloacal hermaphrodism in chronic, malig¬ 
nant dissociation of the personality (dementia praccox), seems to be a deep 
emotional reversal of the ontogenetic recapitulation of the phylogenetic order, 

Evolution in the Ratio of Energy Used im Reproductivity 

AND Work 

Complementary, interdependent, opposite, bidynamlc bisexual ratios exist 
in plants as well as animals, which must be explained by the theory of evolu¬ 
tion, Therrnal differentiation probably exists here In combination with 
luminary and positional differentiation, as the chromosomally equipotential 
cells in the periphery of the budding flower form ilf// stamens and pollen 
and the central cells form the F/m pistil and ova. 

In some unicellular organisms (Mastigophora) and some multicellular 
organisms (algae), both plant and animal types exist, indicating a common 
origin. Plant cells form chlorophyll, a protein-magnesium enzyme that has 
the power under adequate heat and light activation of anabolizing water 
and carbon dioxide molecules into highly complex sugar molecules, building 
up tlicrcby molecular stores of potential kinetic energy. Sugars arc worked 
over, principally at night under reduced heat and light, into fats and pro¬ 
teins and, with the aid of tlie bacterial solution of mineral acids and bases 
in water and soil, plants build these substances into mineralized proteins 
and more or less stable cell structures. 

Most of the stores of energy in plants arc used in reproductivity and as 
food against catabolic reduction. Little are used for catabolic release of 
energy in motion in reaction to stimulation. Plant cells generally have rck- 

^It is well known that hormone admini.sti'ation hsis blsexually reconstituting or 
TCYci'sing effects \n man and other animala. Reversing growth effects have been 
demonstrated in embryos, but such evidence need not be presented heie. 
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tivcly luucl^ lifflcss oulcr jiIirlK of lou- rl.wlcity, and ihcir (nnbilc forms 
have only sloWj sensitivity and iwuility jhkI wry tow hpat proiiuction. 

Animal cells Imve an clastic, lit'in;* cctrj|*lasiiiic ca^.iii^ and greater sensi¬ 
tivity and motility than plains. Tlicy tontain protriii-inm nr pnitcifi'cnppcr 
(hemin) cnnipmiiuis wliieli arc indi’iivpnv.ildn for oxiilinion and reduction 
of siif^nr and other molecular stores of energy. In tlieir ralaliolic actions 
animal cells break diiwn tlic sii[;ar iiinlecnJe, olitaiiird from plants^ 
oxulatinn into wnier and carlion dioxide loolrrnles liherntin^ lIuTvhy kinetic 
ciicryy in the form nf or^;arli/.ed intdcciilar niiivenienis L’liaraeieristic of cell 
sensory and motor reactions and the uiiorj*ani/fd iiitra and intiTtnolccular 
motions of heal. 

The hidynaniic differentiation of plants umvrd towards strinifrer analudism 
and weaker cataholisiu, and anhuals inovrcl towards depriuleiii- anahoUsiu 
and slroHRer catalniliMii. Fforhivorit |*rner:d!y have ^’n-aler aiudiolii: powers 
and weaker cataludic powers tlian Carnivora in tluu lliey can assiinilate and 
mcmboli/c lovvci plant foods whrrea'i Carnivora arc ilc[»cndent upon 
Ilcrbivorn for more liii^ldy symlu!sr/.ed anhnnl fnoils. IMnnt nnd animal 
interdependencies are iMustriited hy aniinal cultures (anu, man) of plants 
for food, slic'ltflr ucul lieat, and plant u<cs of animal excreta and dead tissues 
for biiiUlini' plant cells. A doM: s^ymbintic inicractinn exists in plant 
respiratory elimination of oxypen and consnniption of carlum dioxide nnd 
animal respiratory diminatum of enrlmn dioxide and cnnsmnpiion of tixy^en. 
The importance of Midi Intcrdcprmlencies is panic,iilarly evident for plant 
and nnlinnl life in stnnnanl pouts. It is line uliiiirsi as dose as ilie inter^ 
dependence of internal colls in plants mul animals upon currier cells of 
respiratory gases for assimilation and cliininatinn. 

The ratio of use of cncr^ry for reproduction and otlier f^Jowth, or for 
work, is the basis for the bitlymunic evidutiou of aniiuals from plants and 
tlie principal factor In lurtbcr nu>r|diioli)j>ic:d ami physiological qiialiiativc 
and quantitative differentiations. The importance iif relativity of use of 
anabolic resources for rcproductum or for work beciuncs evident in the i^reatcr 
rate of anabolism over catabolism in plums am! their almost unlimited repro- 
ductivity compared to animals* In the latter, I^roto/.on t^eiierally have 
higher reproductive rates than low Mcta'/*oa, and iiwertelwaii's generally 
have lower catabolic rates than vervchrales ami higher reproiluctivily. The 
evolution of vertebrates sliows a similar ratio of decreasing reprodnetivlly 
whJi increasing caLaholism. Increasing use of energy for aulogenoiis regu¬ 
lation of heat production aguhwt exothermal nn'ersals and sterilisations 
becomes a factor of increasing importance in the evidutiun of rcprodnctimi. 
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The Lhermogenic organs are used for work and as cxcitors of mating for 
reproductive selection. Oviparous, poikilothermic, externally incubating 
fishes^ amphibians, and reptiles arc directlj' dependent on solar heat and are 
seasonally highly reproductive. Ovoviviparous reptiles and fishes have a 
lower reproductivity than oviparous. Reproductivity is still lower in incu¬ 
bating reptiles with a body temperature up to 8“ and in incubating birds 
with a very high catabolic rate and body temperature. Carnivorous birds 
are generally less reproductive than omnivorous. In pJaccntals reproduc- 
tivicy generally decreases as thcrmogencsis and other catabolism incieaseSj 
and this rule applies also within the species as individuals use more energy 
in work to live and get food, l^Ietazoan parasites generally increase in repro¬ 
ductivity the less tlicy have to work for food. Here regressive evolution is 
common as the host supplies easy and adequate nutrition and means of 
migration. The ratio of energy used in reproductivity and work is also of 
great importance in the evolution of man and his social organization. 

The law of conservation of energy detciinines that the ratio of energy 
used in work for survival is relative to the energy used in reproduction, 
and this ratio, probably more than any other factor, determines the course 
and extent of progressive or regressive evolution, 

(j) less energy is used hi work mo?e energy tends to be used in repro- 
ducthity, and evalutian tends io be more varied but sowatically weaker or 
regressive in powers of self-determination. 

{b) As more energy is used in work less h ttsed m reproductivity, and 
evolution tends to he restricted but stronger or progressive in self^re^ulating 
powers, 

(r) As the use of e?iergy in work becomes e^^cessive, then reprodnetmiy 
becomes minimal and becomes stationary or life ends. 

The large number of closely related fossils in some geological periods 
and the small number of distantly related fossils in others have been inter¬ 
preted as .evidence of epochal genic mutations. The theory of the ratio of 
use of energy for work or reproduction in supporting and opposing environ¬ 
ments offers a pragmatic explanation of evolution. 

As supporting environments {SEn) decrease use of energy in work {eio) 
they increase energy for reproductivity {ER)^ resulting in greater popula¬ 
tions (GP) and greater variations {GF) and greater range of reproductive 
selection {GR)^ hence greater diversity of evolution producing a greater 
number of closely related species (GEv). Hence fossils are increased in 
number and variety with close relations. The evolution of life in supporting 
environments may be equated as follows: 

!^=,GP-\-GF -\-GR+ GEv 

eu) 


SEn -h 
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Supportiri^^ cttvii‘oiiiii<rnis willi sli.irp, severe limit [ilions, ns in tlic hosts of 
p.iMsifcs, tend to cvidve reprodiieiivity viili ret^rcssivt' wpinutii: orj^ans. 

As opposing cnvirnmneius ((J/Oi) coinppl iiKirii-'P in the use (jJ fiieri^y in 
work (A/r) they reduce cnrrpy bi repioJuclitm (rr), trniliiii; tu iurvivnl 
of lesser populations (/,}’) ^vilh numWr of Ynriniiinis (JJ') and a 

lesser r:inf>c uf ifcpruduetive ^lelection hence less diversity of cvolniion 

and fc-^ver closely rih^tcd specirs {l.Ev), IlciKc fossils tcdvtvtil in nvnnbct 
jind variety, with di^taiu relatkins. 

Qli„ I:!LU‘ -i ir ■( LR l LEv 

k'r 

Very smrci lon^ ouitmucd envirojinieius jicJUTally reduce reprodiictivity 
to fixed types and stop cvoluiiun. Kurtlier environmental stresses lead to 
extinction. 

Long periods of easy environments, nltmiallng wiiJi slinrt periods of severe 
environments "vvitli isolating cliinaiic JifFcrmas in livat, light and liuiiiidity, 
pi'odvicc great variations in great itumhcrs followeii l»)' severe cliininalioiis of 
all blit a small jiuinbcr of varieties, resulting in jiniall, isolated pojnilations 
distantly related* Thus aitenintw^ fA7rr/i/fj in snpp^rtini/ and opposing 
enviyonmeuts <trc most condudvc to diverse and progvessive rvulution fuivards 
more eeottomkd and cxianive sdf-dvlermhiolitin. 

The origin and evolution of new, more Hpceinli/.eil organs from more 
generalized organs has been held to he outside of natural selccrlnii, lienee 
the result of mutations* My theory holds that the autugenmis prt^surc of 
energy of life is toAvards maintaining inicninl avlih external eiinilihritiiun in 
the mating and icpvuductivc direction ngainst all iinernal and extornal ini- 
balancing coiuliiiona. lienee the tendency is to develop ontogenetic*,\lly and 
repeat phylogcnetically, in a sequence of small steps, special uigans Irom 
more general organs as tiUernal or external conditions hecuuu* spvcihcally 
and Continuously stressing upon one part of the orgaiusnv in ways that 
involve all of the other organs as a holistic unity* 'I'he same orderly emerg¬ 
ence in fill triplobiasts of special tissues from primal tissues show's aluiiulantly 
that pragmatic autogenous direction of evolution diiiiiinates the accidental 
mutational divection* Organisms function more eniciomly in special ways 
and in special environments as they have special mechanistic organs, and 
these organs arc more or less modified as tliey .are forced to use them in 
new ways. Hacclccl^s law tliat onfogrny rveapitulnivs phylogeuy witli minor 
partial to holistic modificiitions should he supiilomenml with the l;nv tliat 
phylogen)^ follows ontogeny in its deeper holistic modificalions, 
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The origin and evolution of thermo-bidynamic bisexual differGiitiatlon is 
evidently consistent with the origin and evolution of other organismic dif¬ 
ferentiations to quantitative and qualitative variations in environmental acti¬ 
vations and nutritioiis, including the effect of heat, light, and humidity on 
pituitary and other endocrine secretions directing the adaptation of estrus 
and gestation for parturition in favorable climatic conditions. 

Life’s Autogencqs Leverage of Its Evolution Through 
Reproductive Selection 

The autogenous processes of life, that have determined the evolution of 
bisexual differentiation from protozoan and metazoan biscxually equipoten- 
tial, simultaneously or alternately matured, cxothermally differentiated, 
autothermogcnically iiidiffercnt, externally self- to cross-fcitilizating lierma- 
plirodism—to rnctazoan hifcrtile hut unilaterally matured, exothennally ' 
differentiated, autothermogcnically weak and inconstant, internally fertiliz¬ 
ing, and partial to complete incubating heterosexualism—to irrcveisihiy 
unifertdc, autothennogcnically constant, placental and mammary feeding 
heterosexualism, demonstrate progressive economies in the use of energy for 
increasing self-detennination against opposmg external forces through repro¬ 
ductive selection, That certain kinds of organismic mechanisms, in millions 
of generations of millions of adults and gametes, in certain environmental 
supporting and opposing conditions stepped further in this direction than 
others constitutes the major phenomenon in the evolution of life with its 
environment. 

Each species is chemically continuously although adaptively self-consuming, 
and digests and metabolizes as needed for repctitioiisly reconstructing its 
states of internal with external equilibration only special kinds of fata, 
carboh 5 qlrates, proteins and other substances produced in other particular 
species. Each species must therefore, by the law of conservation of energy, 
be mechanistically so specialized in its receptors and somatic projicient organs 
that it can capture more of such energies within particular environmental 
limitations than is needed to compensate for such work, growth, escape from 
destructive conditions, liealiug of injuries and diseases, living, mating, and 
reproduction. The economical use of energy in growth and work is as 
important for survival and reproduction as capturing energy. The somatic 
organs used in work to live are also used in mating (finding mates, defeating 
rivals, and in exciting and being excited). Hence tlieir mechanical form, 
color, strength, and fitness largely determine success in both fields. The 
morphological and pliysiologicnl differentiation in the sex primary gonads, 
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secondary trrtinry MHiuiiic (ir^aib, anil quaternary personality 

attitudes determine sHfctmri hrtxrcrn male and female adults as iiieuns for 
Kanictic competithm and lertiliznticui. Mejicc iliert? must lie a concomitant 
fliul cooperative evitlution in aiul somatic oriians and ^'ametes and /y^rotesj 
and their basic phylnunictic patterns, in limiting cnviroiiiTicntal conditionsj 
determine the direclimis of iintof»eny and furilier cvolutioii. 

As climatic conditions are njuilibraiinp; popnlaiunis in plants and animals ' 
expand, nsint; other as foods in ectdo^ical cycles. Natural selection is 
then less severe, and wider, less cciinoinical sinnatic variations i\\ equal sex 
ratios arc ^cncrnll)' able to survive in |ii>e\iii»lly eqiii!U)terUi;Ll or liisexually 
reversibly differentiated, tbcrnuilly inamsiant animals. 'I hen inreatcr ease of 
mating and rcprotliictivity witliin a greater range of sex and sniuacic varia¬ 
tion results. In Protozouj and siiinller, more simple Metax.on, repeated 
reproductions witliln tlic year generally eqimliv.L' in sex ratios ns seasonal 
fluctuations of climate generally balance up the annual heat, liglit, and 
humidity ratios. 

'When climatic conditions arc excessive or dcjicicnt in heat, more than 
any other factor, pttpulations of unmiaHy breeding cqviipntcntial Meta^zoa 
are reduced with unequal sex ratios ■>* c.xcessivc linit anti 

iy/;f>)l/// in deficient heat), 'riien ctunpciilion becomes j^ropiiriionately 
severe and selective bet^veon M/f acliihs and gametes and F/m adults and 
gatnetes for die mast attractively cxciialory mates, with more coniplctioiis 
among the better equipped, vigorous and competitive phenotypes and more 
fertilities among the mure complementary genotypes, Iicricc eliminations of 
the less fit. Reproductive selection is, thereby, generally, rcpctitiously con¬ 
verged upon tlic phenotypic and genotypic coiuinuation and accumulation 
of better autogenous capacities for complctinu the physicn-chemic.al equilibra¬ 
tions of mating and reproduction as witli other needs. This uend is gradu¬ 
ally exteodod, within the pattern of hereditary morphological arid physio¬ 
logical mechanisms in limiting environmental ranges, towards greater 
aiitothermogcncsis with other working powers* Each advantage gained in 
self-determination with ability for social cooperatirm becomes the foundation 
within such limitations for the evolution of liighcr forms. Naturallj^, only 
special organismic mechanisms in special environments could advrincc from 
hermaphrodism to hctcroscxuallsm aiul from aquatic to lerrestrial living, 
from poikilotlicrmy to isothermy, from ovipurity to ovoviviparity to vivi¬ 
parity. Taxonomic evidence correlated witli eiivironineiual evidence abun¬ 
dantly demonstrates tins principle. These processes explain hnw many 
different interdependent plant and animal mcclinnhms can live in a relatively 
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constant environment like a stagnant tropical pool, and how a generally 
adaptable species, like the rat, can live in great environmental ranges and 
become more or less difFerentiated as environmental isolations differ, leading 
to overspecializations like the kangaroo rat in a narrow habitat. 

The continuity of repraductive selection has a very narrow range within 
sexHdl selecllou (which includes sterile and lethal matings and unreproductive 
offspring) which exists within the wider range of naiural selection (which 
includes environmental support for survival of fit gametes, embryos and 
adults and elimination of the unfit), The mdiviclnal works primarily for 
selj-preservatiou aud secofidhrily for t eproductioti lut the two processes arc 
niseparable and the direction of evolution h based on reproductive selection 
within the Ibnitations of natural selection. The latter does not in itself 
account for the evolution of the reproductive organs and thermogencsis. 
Reproductive selection, however, among those survivors of natural selection 
who are most resistant to and self-determinative against environmental heat, 
liglit, and humidity variations and sexually best competitive and cooperative, 
accounts for the evolution of sex chromosomes and organs concomitantly 
with somatic chromosomes and organs. 

Antlers of the deer family are male sex linked deciduous organs that 
mature as weapons for sexual competition and then are lost in winter when 
they might be defensive against enemies as in the antelope family. Organs 
advantageous in reproductive selection evolve progressively even though they 
become uneconomical impediments in the work to live, like the massive 
antlers of the Irish elk or the curabersome tail of the peafowl. Organs 
advantageous under natural selection but disadvantageous in reproductive 
selection evolve re/t^'t^^sively, such as hairiness and powerful bodies in women 
in favor of smooth skin and petite delicacy. Gcnot3'pes carrying mutations 
that are advantageous in natural selection but disadvantageous (lethal or 
sterile or inhibitory) in reproductive selection are eventually self-eliminating. 
Mutations advantageous in reproductive selection tend to survive although 
disadvantageous in natural selection. 

In vascular Metazoa the somatic differentiation forms a cytoplasmic side 
chain which builds up the organismic nurse and carrier of germ cells and 
distributor of gametes, which later may also become the carrier aud nuvsc 
of the embryo. This direction of organization evolved into the highly indi¬ 
vidualized organism and specialized person of temporary duration whose 
cliicf social work in life is the development of itself for, directly and indi¬ 
rectly. promoting reproduction. This contrasts with the cj'clical cytoplasmic 
continuity of direct reproductions existing in germ cells and gametes through 
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'/.ypocic UIIKHI tn fnilv cinlHydiuc innu a-IN tri inalurt' \:s'r\n cells to KamcUs. 

Tilt; hltjod stieam i'- :ul:iiitril to carry :i lia-iic ratin of anahiilic and CiUiibolic 
JiormOncs and other siilistnncfs Itctwrirn all (pf llic Cells of tlic organism. 
It is kept ill a iiJ nrar coiwraiwy iii' cu«ntr\l»;d:viicinu :iil]nstint‘in to the 
ratio of aanuniptioii Iiy ailaptive rates of wurk of different oman^ of cells, 
and tlie ratio of tliu‘‘sli\e assimilation, storam.- and secretion, and iriial, 
pulinoiiary niul tnlier evcieiinii, and tlierinnl, liiniiiiary and iither activalions. 
'I'hc licmodynnmic latio is thereby more nr less adapLaldc tn ratios af envii'cm- 
mcnt.'il excitatory Jiml inliibinMv cmididniis, uairlc, nutrition, diseases, etc. 
It has been previousl}’ slnovn that situT like clirniJi()MHiiiil-)fenic oj^rnni/atinns 
arc inherited hy all ndU of ibc iVTjinni-im they must yepriuhico cluMii^clvcs 
qualitatively, qiuiiitiiativcly, and po.iitionally and reproduce specific cyto¬ 
plasmic qiijilitics In tfic different ttsMie^ u-hilo the rjuantitative latios of the 
latter qualities are rci^iilated by the rales of fiow of sju-ciiil snh.inites tliroujrb 
special kintU of stiiviMhuiou, xvenk, iiulrithm, mul elioiinauoii. 

Abundant] mtII known cxpeifnicntal and clinical cvidiaicr, ninur of which 
has been previously cited, mi ihe (‘fleets of beat, viiainiiH, horinones, minerals, 
toxins and rii^ani^iiiic positions on somatic dilfcreiuialion and devidopincnt 
nivd on embryonic iroiiads and the r*r<iwtii, viability and ri*prodiictivity of 
germ cells and gametes, leads to u definite tvincbiNion. Xn t hromtfsumttl or 
cytoplfisritic hirier exisJs itt f/mn or othrr crlls fn nttfuhiur^ tfittaiiUntivc 
Hifif/iyiffl/i'Jiis «/ ('v/o/>f«SHnV r/nn/inV.v fj.v /'oj^ I'oi/iuiieJ i/jioi^ps 

/a ratios oj sperial /fioi/iholiirs ht {hr UoutL 

The hcrtiodyuamic ratio and the ratio of diflVreiii kinds of eiidociine and 
nervous activation hy climatic Cnnditiuiis, suppleuicnied by liplil mnl otlier 
physical and social stuiuilatimi, arc the principle ine.'ins 4ii' placintl, timing, 
qualifying, and quantifying the dirhu’cntiatitni and nrgaiii/armii of growth 
of organs so that gonads and germ cells arc reproduclive in the mature 
period of the organism and in udvanviigeims seasons with viglu niAiing 
interactions. 

Tlie ratios of metabolites in the cytoplasmic urgani/.ation of the egg, and 
probably sperm, trnnsiiiiucd from tlic parent, have been cxpcriuicntally found 
to influence the effects of chrnniasoinal dcLcrminatiou of tlic ratujs of the 
dipioblastic or triplobhistic dcvchipmciit of the gasLrula (hence llic ratins of 
special embryonic .tissues in the iorniatioii of special organs). AVc may there¬ 
fore ctmcKidc thtu rom/ift'/e burner exists within ihr rtwf/i' n[ i hrnmmiunnl 
limilafitnis in ihv lirrcflitury transrtiisshn 0/ /lafuirtui mr/ill/titltinor in hy- 
dynamic ratios iti i^erm cell cyloplasifh aitd iluir fjiiantifii'^i/lon of the 
qualiWive effects of chromosomal dvtirmiiuttion. 
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Tlie experimental demonstrations of a great increase of mutations in 
Drosopliila by increase of heat, and of bisexual cytoplasmic differentiation 
counter to the cinomosomal determination in amphibians, indicate that 
special cyiopIas??jic ratios have special kinetic potentials which condition the 
moi-e direct effects of heat oa the more constani chromosoinal-ffenic patterUj 
tending to change genic and chromosomal reproductions quantitatively and 
qualitatively, Chromosomal polyploidy and ti'anslocatioiis in meiotic 
reorganization possibly occur in some such manner. 

The "germ plasm" has been dogmatically held since Weismann (44), 
on the unconvincing and very incomplete evidence of special amputations and 
habitiiations, to differ in some essential way from "somatic plasm" and to 
be immune from acquiring modifications by somatic functions as suggested 
by Lamarck (29). Weismannism erroneously claimed that the repetitious, 
excessive use of a special organ or an acquired special immunity for a num¬ 
ber of generations should lead to its hereditary progressive development, 
and repeated eliminations or disuse should lead to its regression, if the in¬ 
heritance of acquired characters is true. This interpretation of the negative 
results neglected the organism’s innumerable compensatory counterbalancing 
regenerative powers, and its resistant powers to tlie modifying effects of 
climinatiuns, and considered the specific organ instead of the whole organism. 
It neglected changes in ratios of special metabolites in the blood stream over 
long periods during incompletely differentiated and determined embryonic 
growth and gonad formation. 

If the chramosonial orgaiiiz-ation of genic factors were to determine 
quantitatively as well as qualitatively the cncrgic ratios of the cytoplasm 
(somatoplasm and germ plasm) as many geneticists still assume, rigid, un¬ 
adaptable cell mechanisms would develop in each generation, whatever the 
genotype, since all cells in the organism inherit like cliromo.somes. The 
chroinosoinc.s would reproduce only special types of uniform unicellular 
organisms or masses of cells of one type, as in tumor growth or tissue cul¬ 
tures. This, now prevailing, theory fails to explain logically how chromo¬ 
somes can in themselves differentiate the cytoplasm quantitatively as well 
as qualitatively for the different kinds of cells in embryonic development 
so as to produce special organs that fit economically in qualitativch'^ and 
quantitatively differentiated, intercellular and extracelluhir environmental 
positions and conditions. If biology rejects environmental qnaniijication of 
chromosomal qualifications of cytoplasm it must assume the magic of acci¬ 
dental or intelligent cliromosomiil determination in ontogeny as it has in 
phylogcny, The experimental evidence on enihryological transplantations 
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and climliintlniis F.<f completely MippMrls thr Uinury ctl cnvimnnieiUnl fiuuiiti- 
ricatittn of chTnmnsnmal cytoplasmic (pialilicalmn titivt cmuplclc lievctlitaiy 

prcdctcrniuiation k no longer iciwhlc. 

If there were mj hereditary, ]»mhly siahili/cd aiul coiidsient chmiiosomal 
rcji^ulattoos of cyiuplasmi'c qiKilities, tlien life Would he too Iiijihlv variable 
to form JiarnioiiKiiiHly orf'anized tissues ill orj;:inisiiis. Tlicii orderly con- 
tiniiity of evolution or devclupment would not c.visi. Mcreilitary cliromn- 
sfiinal qiiaiitativc, .ind cnviroiunenlal acrpiirpil quantitative determination of 
the cytoplasm, leadinu ui herediiavy quaniUavivc determinalimi of y'erm cell 
cytopliism, enables each ncneratum of cells llirounh increase nf more used 
properties and decrease of less used properties, to adapt itself cconuiiiically 
to its special intercellular and extracellular enviroiiinenlal conJitiujis and 
form and diUci'ciuIate uri'aiis, indudiiiK the gonads, to fit into the sjiccial 
bioelectric fields of tlic or^innism as a whole, with sumewliat adaptable 
ontogeny tliat is consistent with its pliyhigeny. 

CoJCCI.USIONS 

A new expl.anation of ilic origin and cvnlutiun of hisexual reproductive, 
and somatic diltcrciuiation through thermal difTerenliations of the ratios of 
anabolic to catabolic: action in cells and organisms ns a ^v'lKl]c has hccn ufTcred 
which is consistent with cliroinosumahKcnic and liormoiud detenninations. 

I lest alfove ihc etfuilibritiory tevrl /or ihe sf*echl chrmiral cotistiiuthn o[ 
M/F e(juipotci\iial ifonatis nr.ceternlifs eaiab&Usjn justfr thnu nniibofhm, 

M/I diF^rcutiatiouSi ^lud kcai bfhxv (hh icvvl deci'lerates caUibalism jastfi' 
thori tiitabalisjii, wiih F/M diffen^fitifttions, h unirelhttfir and mf/liicclliilar 
or{farnsjn5> 

As cliromosoinnl-genic bisexual dilTcrcntiatiori Rrjulually increased in evo- 
h^tlon from amphibians to reptiles to birds, and reptiles to maiiiinals, the 
gonadal bisexual differentiation grew more decisive in tlic diffcrciitlation of 
the germ and soma cells, and the organs and organism as a \vholc> whci^ 
supported by adequate tlicrmogencsis. 

The genotype is norninlly constant for the organism and ciualitativcly 
limits the development of the phenotype, but it is naturally directly affected 
by lieat nnd other cncrgic radiations and indirectly Hffecicd by these and 
additional factors whicli change the quantitative ratios of special qualities 
of ions and snbstrjitcs in the cytoplasm. These ctindititms may affect the 
quantitative reproductions of genes in initusis and their qualitative chromo¬ 
somal locations during crossings in mciosts of germ cells. Ceitaiii kinds of 
cytoplasmic chemical ratios seem to be iiilicritablc, ICvuIiitiun k therefore 
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the product of the naturfil selection of the fittest to survive under limiting 
environmental conditions, limited further by the autogenous sexual selection 
of mates in adults, limited furthet by the autogenous reproductive selection 
of the fittest gametes, 

A new explanation of the differentiation and development of the organism 
has been offered in lieu of the unsatisfactoriness of previous theories which 
attributed magical powers of timing, placing and grading differentiation, to 
like complements of chromosomes and genes in all cells of the organism. 

Chromosomal-genic regulation of qualitative cytoplasmic reproductions, 
and environmental regulation of the quantitative ratios of these qualitiesj 
explain the differentiation and development of germ cells and all the tissues 
of the organism and their acquired cytoplasmic modifications. Cytoplasmic 
modification of genes and chromosomes, although slight, is a cumulative, 
pragmatic, economical means of autogenous adaptation, that accounts for the 
drive of self-determination in evolution as well as in individual development 
and docs not base eitlier entirely on chance. Autogenous pragmatic adapta¬ 
tion is the decisive drive in tlie individual development and the evolution 
of life. This accounts for the harmony in the morphology and physiology 
of somittic organs and reproductive organs and gametes with progressive 
bisexual differentiation and thermogencsis for greater control of reproduction. 

A law of the hereditary and environmental adaptation of life can now 
be formulated, Chromoso?nal genic organization deier?nines the qnalitative 
diffei'euiiations of the cytoplasm, and intercelUdar and e?;iraCEUular envh'on- 
menial conditions determhie the quantitative differentiations of these qnali' 
ties. This makes ontogeny and phylogeny consistent and continuous, although 
the latter is far more stable than the former, and explains developmental 
and evolutionary adaptation to new environmental conditions. 

The evolution of hisexuai, reproductive, and somaik differentiation is a 
progressive ejvtension of self-determination of internal with external egidli- 
bratio7i against internal and external disequilihration. Disease is the break¬ 
down of physio-psychological and psycho-physiological meclianis7ns of self- 
deierminalion. 

Evolution is not solely the purposeless product of the accumulative organi¬ 
zation of chance genic and chromosomal mutations through the limitations of 
natural selection as held since Weismann by many biologists. It is also the 
product of an autogenous drive of the bidynamic constitution of life for 
extension of unconscious and conscious self-determination in time and space 
for gieater viability and reproductivity. 

Every cell and every organ and the organism as a whole and all of their 
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functions at every intrjiralivr trvrl urv ninal or lunrr or less 

diffcriMUlutcil. cluoinn^om;\lly, honmmally, ami ''timul.uinn contlitiouAlly. 

lliscJcual ilHTercaiiuliMU 1 ki> ic^ ormin I'li ilir i'liyMixi-clinnkal mcvlianisms 

of ^clf-ilcErriniiiiition. 

jlispMiiil ili/fcreiuialioii in (hr vi>riiiiifi*jrnui)-i'viiii: uii»a"'^-uMnn Ji'icrmincs 
tJlc ili'iiifu of hi'ivxiial liiriVrejiiiatHiii «»/ tlir j,innriil>; and t)ir ratot, ijuantity, 
and extent of linrnional '•rfri’linit'' ilifiVrriirintv flic ;,;rn\\ili of the 

|)iscxti:il and rMcrnul uviMlals ainl inlirr i-<'iiiafiv inytan^ and their 

jiUttfratlve nr|^nni/;uinn of the 

The hiMrxu«il altitmiv. w ttjrihvr ililinvoliaud in man and oiher vvvchvo- 
cor^;icaUy dominant inamnial^ l*y (In* iMudiiionin^ liM-viinl Mivial piessurc 
of apptnvais rind ihVaj>iirovaln tcnv.irds iiiaH’iiliiu* ilonijriancv nr /niiinuic 
suhniissivencss In matinf? heimvior. 

I:iiscxual dinfrreniiation may he von-kiciif In all of iIitM* inferavrive levels 
of nr^rnniVed j^rowth or more or le.ss tn c»uillkt. 'I lie pliy^iirian iiiiht iind 
vWierein such ainAicts exist mid vorrevt thrin with Mirmcal rcvoii'iructions 
in nnonialoiis I'rmvtlis, ^vi^l^ endocrine support in reversals or dctieiendcs 
nnd m{\\ psy\:hm.liera)»e\uic. anulysU uud suu'^iv^lious and social vvailjusimcnts 
of attitudiual psycluipatliolo)zy. 

Violacions of tllc intcuriiy of :uilo;;eiunis ilcienninafion nntl InNVXoal tlif- 
fcfcntirttloii at the l:oIi>lic psycliosojiKuie level of orttaiil/ation produce 
disease. In nmn physical or clicmicul ilierapv nr |Ky("}|iilIn‘ra|iciiiie i»r M>cifil 
rcEicljustmcnt is successful only w» far u'- m ^e^rorl■■* an I'ic ilv ftmciiunin^r, 
sochilly cociperulivc and cnmpctiiivv, aoiom'iuMis iiueyviis u'ith divisive hh 
sexual differentiation of inviunlc cunsistent wiili ilic nr^Mni-mie ililu-rciuiation. 
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IS ATROPHY THROUGH DISUSE A CAUSE OF FORGETTING? 

Central Michigan College of Edncaiioit 
Oscar Oppenheimer 


The aim nf tliis paper is to show that atrophy through disuse is not a 
cause of forgetting. Important phenomena in the field of forgetting could 
not be understood if a. t. d. was a cause of forgetting, and all phenomena 
in the field can be interpreted in terms of interference as the only cause of 
forgetting. In other words: there is no in our field, and there is no 

need for it. For a description of the role which a. t, il, and interference are 
supposed to play I am selecting Woodworth’s ideas on the subject: 

There are^ In facr, two theories of forgeuing. 

1 . Atrophy through disuse. Though mere inactivity of a structure, 
is not a force or cause that could do anything to the structure, 
the mcinory trace, like any biological structure) needs to be kept alive 
and well noiirishcd. A muscle certainly loses strength ond substance 
wtien it is inactive for a long time, as happens when a broken arm is 
kept in n splint, The inactive muscle lo3e.s out In the competition for 
nourishment that goes on all the time in the organism. When a muscle 
has just been active it is in a state that may be called "hungry.’^ It 
sucks up nourishment from the blood. It docs not do thio diirirg pro¬ 
longed inactivity but, on the contrary, loses substance to the blood. So 
the muscle grows as the result of its activity and atrophies from disuse. 

Tlicrc is no reason why delicate brain slniclurcs built up in learning 
should be exempt from this general biological law, 

2. Interference, In waking life Wc are continually changing out 
activity. Every momerit we do something different. If every act were 
controlled by its own small center in the brain, there would be no irrter- 
fercncc and no reason why the performance of one act should disturb 
the sttucture concerned in another act. Butwc know that the brain acts in 
wide-spreading patterns rather than in small, separate bits. The patterns 
used iu different acts may overlap and coincide in part. Conaetiuently 
there is a chance for interferenco. The brain pattern built up in learning 
one act may be disturbed by the subsefiucnt performance of another 
act—especially, we may suppose, if the two acts arc similar. The reason¬ 
ableness of this theory can be brought home to us by trying to recall 
all tlie views we liavc seen during a trip through the mountains, One 

^Received in tlie Editorial Office on April 7, 1546. 
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view senniN h> nui niiol^irr. U.ivinK fM»h’ ^ few rniiiiatulih^i ones 

in iiicinory . 

As itie iiva fnrUirs of ilkii'sc aiitt iiifctfcrcjirc atr ^)^o^lall|y loth rcalj 
wc I'aitiiiil liojiL* i(j hetwfi'ii liii'in. 

’iilc proMi’m in'('>niU'd t!u' l:»>t oi WiMnl\vinth'h sriUrnirnt is 

our lurihlt’iii. 1 Jinpc t(» slinsv fh:it \\t' rnn rlividr lu'tAVtro the two factors. 
Tile reason, liowrvcv, wliy t tpuncii Woodw^ntU in foil, is Ui \^is{\\\ out l^ls 
coiitiiiiial iiUcini't tf) explain a piircl)- iiicntul f.u'i mjcIi furm-ttiiif^ hy 
^iolo)^icill iiluuunncnn. 'Tins civnUwiivr: of ilu‘ (irliU liii-^ cuivtviluvvcil more 
to tlic cstahllsliijicnt r»f tlic cnniicnux ilicmy of Inri'cltiiiu tliaii aJiytluiif; 
else, iis w ^Iv.iU >vt hoivn, 

But lir>t let ns di^cii^s tile plitiionii'ha wlnVli an* op|ii)>cd to au intfiprc- 
totion (if forj;cttiniJ! in terms iif «.!. W. 'riuM'e. is tlu* n'voKniuon mul recall 
of cxpcriciias wliicli hiippciual Ion*: a^co. I'liis rcco^initiioi ami rrcall tato? 
place if tltevc is a stimuUvs strou^t cinni|»li u» voujnvc lluan wy in the nhnil; 
We return to tlic town <jf our cliihlhonil and see many Illinois which w. had 
completely (orifotwn. Seeing tlu-in and scciuj; uiauy of iloau io^;eihcr makes 
us recopii/e them as pare of (mr cliililliniMl (’XiMTicticcs and juakrs ns recall 
other experiences which were tied up with them iu our cltildlioMd. SeCMiully, 
there are old u^c uiciiiorieSi when, nt llic ajj;e of 60 nr 70, wt* suddenly 
Tcmernhec things which were not iu otir conscious minds for *il) or 6(1 years. 
These tTicinories differ from ihc first jiu'iuioiied idienoiin'iiii in two waj's. 
There is uo ationu stimulus pteseut to produce ihcuu ilu'v jusr iiop up, 
and furtherinnrc, they are reinnulu'rrd clearly ami in dmail, happen¬ 

ings of yesterday are forgutten, 'riiis lust feaioce, along '^'iih (lie fiwt that 
they bridge so wide a paji, makc'i tlieso incmurios jiarlicnlarly si roup coniirei' 
evidences to /r. t, (L as a cause of furgetting. Kttr here what ^lumld lu‘ fn^shesc 
uud^ therefore, most easily reincnihercd, is forgotten, and wdiat should Iua'c 
shriinic out of ovir ineiiiDry because of 50 yeais of disuse is rtaneinliered. 
Against our material it could he argued that while it disiu'oves llie theory 
for the scope of this material, it would not invalidate, of neccssitVi the- truth 
of the theory for the rest of the field of memory' I’hc one wlio argues this 
way overlooks two facts. First, if lie w'as right, lie. couhl not explain Iiow 
it comes that the theory Works in the one case and not in ihu oilier. SeLinidly, 
interference is very able to account for all cases of f(Ug(Uiing. Hoth facts 
combined form a solid Wall against the acceptance of ihe throry of 
If it is so that interference covers tiu! whole liidd, and if, nl ilu* sanio lime, 
certain phenomena arc dearly opposed lo an inimprctatuin in lernis of ti. t. //., 
why should we bother with a theory for wliidi. there is neither f-mindation 
nor need in the facts, 
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But having come so far we have not convinced the psychologist who be¬ 
lieves in the inernory trace in the brain as the basis of all memory, and as 
the thing that shrinks in the case of <t. t. d. He cannot locate this memory 
trace in the brain, and consequently, he camiot observe how it shrinks, hut 
he is sure of its existence on the general assumption, depending on his 
philosophy of ps 3 ^cIiQlogy, cither that there is a parallel in the brain to any 
mental act, or that a mental act is nothing but a hrain process. Now, a. d,j 
as we can gather from Woodworth, is a well established theory in the bio¬ 
logical field. We observe: the muscle shrinks unless it is used. The strength 
of the theory in the biological field, and the psychologist’s conviction of the 
importance of biology for mental facts make him accept the theory in his 
own field in spite of tJie facts. Our case is a beautiful illustration for the 
saying, ascribed to Hegel: If the facts do not fit my thcoryj too bad for the 
facts! If wc use, however, the opposite procedure and start with the facts 
and base the theory on them, then we will find -the failure of the a, i. W. 
theory a nciit evidence for the difference between biological and mental 
phenomena. Wc cannot gel along without the theory in the biological field, 
and yet it is out of place in the mental field. This does not menu, of course, 
that I deny the close relationship between the fields, eitber so that they 
influence each other, or so that their phenomena run parallel. But I exclude 
the possibility of identity of the entire fields, and the need for Iclenticai 
phenomena in them. 

One may be inclined to admit the strength of the argument against a. t, t/,. 
and still doubt whether interference is a more rccommendablc explanation 
of forgetting. One may say: it is true that we accumulate a tremendous host 
of experiences, and that these experiences are different and opposed to each 
other as far as their content is concerned. But if we hold that any of them 
stay with us and Influence our minds at any given moment with the result 
either of remembering or forgetting, arc we not prompted to introduce the 
concept of the unconscious? Would not the unconscious have to-be the place 
where our experiences are from the time they arc received to the time they 
are remembered? Do we not accept a term which .according to W^oodwoith 
(and many others) is "responsible for a good deal of mystification in psy¬ 
chology?” Do we have to follow him when he says: "There used to be much 
talk of the ‘Unconscious' regarded as a separate part of the personality, but 
this way of talking has largely gone out of fashion”? Against Woodworth, 
we do not care whether the term lias gone out of fasliion. We need it, and 
we need it not just for the sivkc of explaining the single phenomenon of 
interference, hut chiefly because there is no satisfactory understanding of the 
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whole field of memory wiiluiut rt'Miitini^ to the unconscious. Uy definition 
it is tlic of the mind of which we .ire not conscious, directly, hvit wc 
arc most conscious of phenomena wliidi cannot lie accmiiurd for hut hy refer- 
rinf^ to the unconscious. AVhen I reiiioiiiher a nuiii xcivini f s:n\' a week uko 
where was my cNpericiKc of him duriuK that week? So if I iicce]tt the 
existence of the uiiconscinus in order tn explain inirrfereiice, 1 do not need 
to justify it here because it had to ho as'^uintal alrciuly Indore ior the wliolc 
field in wliidi intcrferejice is only a single plirnonieniin. If*'re it is iiirerestin|r 
to notice the Kfcat iliflereiu’e between the lltemy of n. /. d. uiul tlu* tlu'oiy of 
the unconscious. The ihTl'rrence lies in their relatioiis to the facts. Neither 
of them can he observed directly, hut tlie one is coiueiveii :it;iunst and the 
other on the basis of facts. 

Sijiiie may concede the exi-^Uiice of tlie luufuiscious and still ferd that the 
theory of Interference wotiUI force ns to make too ilelalled n statenumt on 
the Jinture of the vinconscimis. ‘I’hey may say that \ve slimihl lieu’arc of 
further than assuiniiii^ the existence of t)ie unconscious becaiise it 
is never cunsciousl)' cxporicnced. If this means wc sliould move, slowly 
anti mtii'usly because there is a delinite dunces' nf pure every¬ 

one R^recs. On the other lumd, we are allowed in f^o beyond the asMiinptioa 
of mere existence if the facts iirire us to Jo mi. l‘nr the facK are the judges. 
And, indeed, they ui'tje us to tro farther, In order to account fin’ the field 
of memory in Its entirety we must assinne that all tliai w ever learnt is 
preserved lu our unconscious minds, NothiitK ever hrcoiius lo.st hecausc 
everything can he reproduced. This iisseriluii is siieni.ulH'neil hy tlu? discard 
of the theory of a,!./I,, a theory which if true would liave made space for 
gradual loss of part of vvliat wc learnt. Hut opponejits \\dll say, is it not 
fantastic to assinnc that all these tremendous piles of kniwled^e wliich wc 
have acquired in tlie course of many years in a sy.slfnuUic and in .'Ui uns 3 's- 
tcmatic way arc preserved in the unciinscioiis down to the last detail? And 
not only that, the assumption seems to become even more fantastic when wc 
consider the diversity in this inass of material, flow many dilTereiit types 
of material, differing in so many ways, iiave wc learnt! 'I’lie principle 
reason why all this seems fantastic lies in our confusing tlie nature of tlic 
unconscious with the nature of the conscious. Tlie conscious mind lias only 
a narrow span, and wc hold wrongly tliat the same must he true of the 
unconscious mind. Wc forget that ihnx U no objection ugaiiNt viu* posstihility 
that the unconscious mind may differ from the ninscimis mind i[i some 
features. Wc fire allowed to assume sucli fratuns if facts in ilu* conscious 
mind require for their explanation such features of the unconscious mind. 
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Furthermore, the nfirrowness of the span of the conscious mind has as its 
cause a fact that we do not need find In the unconscious mind. In each act 
of thinking of the conscious mind, in the most simple as in the most intricate 
one, we concentrate on a few facts, the relations among which we examine, 
and It is a co?iditio sine qua non for successful thinking that we narrow down 
the span of consciousness to these few, and keep out others. There is nothing 
in the conscious part of the mind that would necessitate the assumption that 
we think in the unconscious part of the mind. Finally, the theory that we 
do not forget anything is not much more fantastic than the proven fact 
that we can remember an amazingly large amount of facts of very diversified 
nature. If we may assume that we liave kept all of them in the unconscious 
mind—and we have—then the difference between this accomplishment of 
the mind and the accamplishment of forgetting nothing is as insignificant as 
the difference to a poor man’s eyes between a rich man having ten inillions 
and another having one hundred millions. 

Yet this is not the greatest feat of the unconscious, We know that the 
rules of association are necessary, but not sufficient to account for recall and 
recognition. Not sufficient because too many different experiences were 
associated in the past with the present experience, and it is only one of them 
which we call up in connection with our present experience. Why do we 
call up the one and why not any other The conscious mind does not give 
any answer. It only records the fact. A partial explanation may lie in the 
temporal relation between our present experience and the various experiences 
with which it was connected ui the recent past is recalled more easily than the 
earlier connections. To understand this, of course, we do not need to call 
in again a. t. d. The experiences do not need to shrink in the course of time 
in our unconscious, All that we need to say is that we have less interference 
for tlie recall of the more recent experience. This is plausible since wc had 
less expericjiccs from the time the later experience took place until now 
than from the time the earlier experiences happened. But even when wc 
consider the importance of the temporal factor, wc arc prompted to see the 
different parts of the unconscious in a different state of readiness. Our 
experiences cannot fall into the unconscious and lie there in a pile in an 
utter disorder. Some kind of order must exist indicating their time of appear¬ 
ance in the unconscious. How this is done we do not know, that it is done 
the facts of conscious life force us to assume. And this order is even-more 
elaborate than we have seen so far. Very often, we know, the rule of tem¬ 
poral association does not work because of other rules of association. I see 
a friend today whom I saw many times before, and the last time yesterday. 
Seeing him now does not make me recall the situation of yesterday but a 
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situation [^0 ycnt^ a^^(l wlicii 1 [iliiyeil wiili him in a samlpik. Just this 
mtirniiiff I played with iiiy little j'irl in a saiulpilf, and wluln this fact Is 
in>t in my c(»nr,ciuus miod, it U in"i:nitnr(Uiil in icproducinj; tlu! situiUum 30 
years apfo. In this illusttatriui the tuiniioral frlaliun plays a L'crtriiii role. 
Playing with my little f'irl happened only a short timr a^o, and that may be 
the reason why this tsperienen omns in. Hut the* role of tl\e temporal veU- 
tfon is only a niimir one, For what I rniiciiiljrr is not the itiTiit event, 
blit .an event loiiy af^n. The major role is played hy a factor wliicli is not 
only (lifleront froin, hut ImMilr vo ihr ndr tln\t tin' mote retnu event 
is Tcnicmhcrctl first. What imist )»avr taken place in the unconscious in 
order to revive the earlier experience is a rather intricate process. In my 
unconscious the recent event of playini* with my yirl must have inlluencecl 
the earlier event, else the recollection of tlir latter cannot he accounted for, 
neither niy failure to recall an rveiu instead that has been more recent. 
Besides, there must he a relation liftween the pre-ient conscious sensation of 
seeing iny friend and those two uncmiscinus experiences of the past, and this 
relation must exist in my unconscious Iiceaiisc aiiiscionsly I know iiothini^ 
about it. Attain, of what nature this rchithm is, wliedier the imcoiiscious 
plieuamctia try to appeal in tlic cniisciuus plu'iHiincnoii, nr whether the latter, 
marc actively, selects oiic iif the former, we do mit know. The n/dy tliini» 
we arc certain of is that some kind of a jidation must exist. Let us luok at 
anotlict: ease of recall. I see iny iTiciul ;iiul I remciuhcr a very sad luippcninp; 
long ago of which hoih of us were a part. Why aiming: all tlie many rccoU 
lections I could Imvc of my friend Joes just this one cojne to me? It comes 
because the whole Jay up tu this uinmeiK I haw hern in a sad mood. 
Analyzing my recall afterwards I realize that here not the concurrence of 
tile past events in my iincoiiscimis mind make up the main history of the 
recall, but the rclaiion hciwccn the cimscimis facts on the ono luind, and 
the unconscious past event on the other hand make thi^ meal I of cliis past 
event possible. This ciisc is even more interesting than the other one we 
discvissed because a larger part of the conscious is invoWcil in tlie \ineon- 
scious process. 

The discussion of atrophy through disuse has led us far into the discussion 
of other mental phonomcna. But tliis is as it sliould he considering the 
intimate relations ijmoiifi mental plicimmena. 
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(SynKsnth, P. Al. The Dynamics of Human Adjustment. Hew York: 
A, Appleton-Cehtnry, 1946.) 

Reviewed dy Albert Ellis 


The Dynamics of Hummi Adjustment is one book that thoroughly lives 
up to its title. Plow, Professor Symonds nsks at the outset, does the human 
individual—the whole human individual-—adjust to situations, both outrir and 
inner, that he confronts? And, in the ensuing 580 pages, he proceeds to 
give as precise, as detailed, and as consistent an answer to this question as 
one may expect to find in any contemporary psychological text. 

Specifically, The Dynamics of Human Adjustment is concerned with the 
psychological mechanisms, as originally formulated by Freud and his fol¬ 
lowers, and as recently studied by many non-psychoanalytie invcstigatoia. 
Dr, Symonds examines the major mechanisms in detail, devoting a solidly 
filled chapter to each. Thus, hes main chapter headings include: Adjustment; 
Drives; Frustration; Aggression; Punishment; Anxiety, Defenses Against 
Anxiety; Fixation; Regression; Repression and the Unconscious; Displace¬ 
ment; IntvQjcction and the Superego; Projection; Identification; Conflict; 
Guilt and Self-Punishment; Sublimation; Reaction Formation—Reversal 
Formation; Compensation; Rationalization; and Miscellaneous Mechanisms. 
Then, for good measure, he has chapters on Fantasy; Love and Self-Love; 
and Normality. 

The thoroughness with which Dr, Symonds approaches the mechanisms in 
general is mirrored in his individual analyses. Subsumed under the chapter 
heading devoted to each mechanism are (d?) a definition of the mechanism; 
(i) its origin; (c) fundamental considerations relating to it; [d) the 
situations which call it forth; (e) its characteristic forms of expression; 
(/) its advantages and disadvantages; (^) its pathological implications; 
{h) its educational implications; and (/') therapeutic implications. And, to 
back up the theoretical discussions, are many interpolated, and down-to- 
earth, brief case histories. Obviously, this is no slip-shod presentation! 

Dr. Symonds^ work is, on many counts, an important and valuable con¬ 
tribution. It is just about the most complete discussion of the psychological 
mechanisms that lias yet appeared in print. It is psychoanalytically oriented 
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in ail umiTiualiy opcii-iiiirulcd way tliat, nn tlic nnc hand, ciicuinpavscs the 
findings of virtuidly all tlir cxiVting scImmiU of analytic thought aiulk on the 
uCher Iiaiicl, leans heavily upon >cores nf n'Cent Jiun-analytic psychological 
KLudics. It takes many ni thr less irihtahlc psychnaiialytic tlirnric';, includ¬ 
ing the oh] standhys of the Oedipu'' Cfunplex and anal eroticism, and brings 
them down lo a liardhcadnl, i»rac|iciilly coiinnoii'in^t', level where they 
become positively lielicvahle. It coiurimates tm ponual rather tlum piuKo- 
logieal inani/estaUiins; and every oiur in a while even rrsorls to ^^■ll:lt might 
be called normal, jion-pnflndogieal language—-that ol the man in tlie street. 

Among other welcome aspects of The Dyfifimifs nf Iluritfin fichitrlor are 
its emphasis on the practical implications of dynaniic psyclodogy; its pointing 
out the lulvnntnges of negative mechanisms like repri-ssimi and aggrtssioni its 
continual going below the surface of things, uinl the pressing still a shade 
deeper; its consistent niui-puricanisni: its stressing nf positltn* values, like nexh 
bilitiY emotioiml release, and love; ami its incisivelj- aniuiiated hihUngraphy 
of S8d itonif. 

The limitations of 7'//e Dytwwks o/ Ihtmftn Afijusirncut are largely tliosc 
indigenous to most present-day writing that h psydioanalylicidly oriented. 
Precisely because Dr. Synionds has made such a sch'darly syiitlicsis of psycho¬ 
analytic theories o( humiui a<tjustmcnt has He f!uU'\l tu avoid some, of the 
pitfalls which seem to be almost inevitably ass<ici:iled with current iuialytic 
iorniLilations. Some of these pitfalU will now be discussed in iletail, not 
to cmpluisize the weaknesses of Dr. Syinonds* text- 'since he displays less of 
them than most analytic writers—but to bring <iut the point that even so 
ffoad a book may still suffer from the faiUivc of the psychnanalytic inter¬ 
preters to meet some of the basic rcqui^iies of scieiitilic writing. 

1. Ove?--gencraii3i(ilioit ntni cxitf/ffrr&iftl fifthrrsalizH/ion, On page 376, 
in reviewing the methods used to reduce guilty Dr. Syiumids ciicrectly speaks 
of the somatic mctliods—like vuniiting or defecalioji--ftrrrtJj<j/irt//j' (italics 
mine) iised for tliis purpose, lint on the same page he writes: "Ohciulorf 
makes the point that kidding usually (italics mine) represents criticism di¬ 
rected, of course, toward another persim, but also repniseiits snnietliiiig to 
which the tidder himself is sensitive and hcucc is an cxprcssiim of guilt. 
Likewise, Scorn and criticisjn of others, liowevei' mild and veiled if may be, 
represents the same tendency," Now, that all of us mtushuully make fun 
of others because we are guilty about [wiascssing the trails we are bantering 
them for having, is probably true; but that out luuurr usually results from 
such scU-sensitivity and guilt >s very doubtful. Similarly, Dr. Symmuls 
writes (page 479): ‘'There arc many testing nets, such ns trying the door 
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to see if it is locked, testing one’s watch to make sure it has been wound, 
looking under the bed to make sure there is no intruder, turning back to 
make sure one has turned out the lights, whose function it is to undo some 
prior act- . . , In this testing form of undoing there is dways (italics mine) 
implicit the presence of an unconscious desire which is to be undone by the 
testing act.” Always? Is this—to say the least—not a little far-fetched? 

This kind of over-generallaation from analytic findings probably stems 
from the fact that, to date, analysts have almost exclusively dealt with 
serious neurotics. That such individuals, when they banter their friends, or 
test their watch to make sure it is wound, frequently, even usually, are 
motivated by unconscious guilt or restitution feelings may possibly be true; 
but that normal, non-neurotic individuals are thus usually motivated, seems 
unlikely. 

2. Aniliyopomorphis7n. On page 140, Dr, Symoncls presents the view 
that "anxiety puts tn its first appearance at birth and is evidenced by the 
infant's spasmodic efforts to catch its breath and to utter its first wail.” 
And, in his chapter on Love and Self-Love, he is equally positive chat "love 
finds its origin at the start of life in the infant’s experience of pleasure. An 
infant’s first expressions of love arc erotic, as he finds pleasure in the stimu¬ 
lation of certain sensitive bodily zones” (p. 522), Now perhaps normal 
adults become anxious when they have to make spasmodic efforts to catch 
their breath, and begin to love others who bring them erotic pleasure, but 
to impute such feelings to neonates is to wade in dangerous quicksand. 
Maybe one-dny-olds are anxious and do love; but what makes the analytic 
writers so sure of this? Where are the supportive factual data? 

3. Over-patternhat'wn of attiiudimi development. Following orthodox 
psychoanalytic concepts, Dr, Symonds states (p. 413); "At the time of the 
Oedipus complex which comes when boys are around the ages of 4 and 5, 
tlicrc are marked erotic feelings toward the mother. Later, however, these 
arc suppressed, and in their place one finds tender feelings later recognized 
as sentiment.” The inferences of these two sentences are: (1) that all boys 
have an Oedipus complex; (2) that they all obtain it between the fourth 
and fifth year; (3) that later they all suppress their erotic feelings toward 
the mother; and (4) that tliey all displace them to tender feelings. These 
assumptions do violence to the concept of individual differences in heredity 
and environment which is one of the cornerstones of modern psychological 
chinking. If—'as is certainly the case—even physiological maturation is far 
from an orderly and inevitable progression, it seems most unlikely that atti- 
tudinal development is half as rigid and neat-niched as the analytic writers 
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WDiiltl usually have us believe. Evrii assiiminil that the Oedipus complex is 
n |rcneralixed Iiunusn occurrertce^—an assniiipiitin M'hiL'Ii has by mj means as 
yet been induhitnbly proveji—it must he assumed tluit, out of 100 raiulomly 
sampled boys, some will experience it before ami soirin after their fourth or 
/iftli years; some w'ill later stippress their erotic feelinp lowiird the mother 
and some will Jiot; and uf those Mippresi^in^ their feelings, some will 
subliitmte them into tender sentiments while some will Mihlimate them into 
aKKrt^ssivc, self-|Hinitivej anxious, or other feelings. Thus, of the ori^nnal 
100 randomly selected boys, only a fraction, and pndnibly a ?mall one, 
^vill follow the classical Freudian line of ()edip:il development. Yet, the 
impression is frc([ueruly ^tivcii by p^ychoanalytically oricjited writers that, 
first, aft lioy.s develop alonj^ Oedipal lines; and, second, that their develop¬ 
ments follow almost identical ciirvcs. 

+. /Jll-iiiclusiveitess mtd ont-sitlnfitvss. Dr. Kyninndsj unlik(! many other 
psychoatiidytic writers, docs no/ make the misiuke of cxplaiiiint^ all human 
behavior in terms solely of psycbuloKical nwcliauisms and dyuamisiusv He 
takes good care, at limes, to mention tlic role of plivsinlo^^ical drives, cnviioii- 
incLittal induencos, education, and even ^elf-dl'l(■rmil 1 at^nn, in motivating 
human helinvior. Still, his emphasis, nr that of iliose he ipiotes with approval, 
is soiuetiiucs one-sided, Thu.s, he stales (p, 41.^) that "a M'idespread ob¬ 
servance of Mother's Hay is testimony to this suUIinv.vdon [of the (h'dipvis 
complex into tender scntiments|.'* Perhaps M»;--hut the naiionwidc propa¬ 
ganda of the florists, caiuly-niakcrs, :iiul other biisine<s iiucre-.ts has cevtainly 
had to do witli this oliscrvance. Again, wlnle Dr. Syinoniih' chapter 

on Love and Self-Love contains many pages nhmit infantile love, iinaclitlc 
love, and narcissistic love, it barely mpiuitnis the comnum garden varieties 
of courtship love and marital love into which, as yet, the ncurntic-oiiented 
analysts Imvc yet to sink their scalpels very deeply, What the psycho¬ 
analysts have found is most important; hut it is hardly all-ijiclusive. What 
remains to be fovitid, by both analytic and non-analytic researchers, is still 
immense, 

5n Over-neg{itivh?fU On page 416 of The Dynamics of Ilnmatt /hljtisl- 
metit may be read the typical psychoanalytic statement: "'riic urge to create 
an art project, whether it be poetry or music, painting or scvdptiirc, is the 
urge to do reparation for, and restore, the incorporated object for which guilt 
is felt." And, on page 532, there is tliis statniumt; '‘Love, then, grows 
out of envy of another person who is older, slrongcr, more hcauiiful, or 
more competent than he, . . . Looking at it in amitlicr way, love is a reaction 
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formation against hostility.'* Now there can be litde doubt that one of the 
most valuable lessons we have learned from psychoanalytic delvings is that 
positive and “good*' feelings, like the creative impulse, or the emotions of 
love^ may actually originate as sequelae of, or reaction formations to, nega¬ 
tive or “bad" feelings like guilt or envy. Of course they jjwy. But this 
is not to imply that they always uihk. It is quite unreasonable to assume—as 
the analytic writers usually seem to do—that the native human drives arc 
all negative ones, and that positive emotions are, as it were, sublimations 
or culturally acquired ndditiojis to these negative impulses. It may well be 
that human beings have innate constntcdve as well as destructive drives: 
that (as Maslow has theorized) they arc itafurally and uormnlly creative; 
and that (as Jersild has hypothesized) they have some primary love impulses, 
That artists souieimiej create out of an urge to do reparation for the incorpo¬ 
rated object for which guilt Is felt, and that adults someiimes love because 
of a reaction formation against their envy or hatred of the loved object, 
it would be futile to deny. But Co maintain that creative art and object 
love always spring from underlying feelings of guilt or envy Is, it would 
seem, to lean over backwards to find a negative basis for all positive feelings. 
This appears to be anotlier unscientific psychoanalytic viewpoint which 
stems from the same source of error to which most analytic exaggerations 
owe their origin: the fact that, as yet, the analysts have rarely studied 
fc normal human beings, 

This is no place for a systematic review of all the errors of present-day 
psychoanalytic writing; nor, for that matter, for a discussion of the innumer¬ 
able valuable contributions to psychological knowledge tliat Freud and his 
followers have made and continue to make. It has merely been the intejit 
of this reviewer to show that, at present, psychoanalytic source material is 
so often badly and unscientifically presented as to make it almost inevitable 
for even scholars like Professor Symonds sometimes to go astray in its 
employment. It is to the great credit of the author of The Dynamics of 
Human Adjustment that he has been so seldom over-liasty in his formulations 
as to allow the kinds of errors just quoted to slip into an otherwise very 
careful piece of work- In general, Dr. Symonds has done an excellent edi¬ 
torial job on the main body of psychoanalytic writings of the past 50 years; 
so that, as noted at the beginning of this review, he has managed to make 
the Freudian and neo-Freudian positions considerably more palatable, 
meaningful, and usable than virtually any other recent writer has done. In 
this fact lies the real strength of The Dynamics of Human Adjustment; and, 
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because of it, the vtjliiiiir i^lioiiUI he iiivaluahic to all tliu^c U'lio ^tiidy, teach, 
or apply psycholiif'ical kno«'lc(lj;e. 

2505 Utiivft'sity 
New Yofk 63, jY. y. 
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DEVELOPMENT OF A YOUNG BLIND CHILD* 


Graduate Department. MacMnrrny College 


J, Wilson and H. M. Halverson 


Although much has been written about the blmdj information concerning 
their behavorial development in early childhood is sc.arce. 

We know of but one study in which an attempt was made to trace the 
development of an infant with severe visual defect. This study, very 
briefly presented, was conducted at the Yale Clinic (4). The subject was a 
girl infant with bilateral cataracts and low visual acuity. At 52 weeks her 
developmental level, according to the Gesell Schedules, was 40 weeks. 
Shortly after 18 months when her cataracts had been removed, her develop¬ 
mental level was above average. As a result of their findings tlie investigators 
made the surprising statement (p. 259), "Since watching Celia’s development, 
we are much less lenient about attributing severe retardation in infancy to 
visual defects." 

In reviewing the data in the above case it was disclosed that the sub¬ 
ject’s retardation before her operation was by no means excessive, and that 
she possessed some vision of practical value to )ier. At 40 weeks she reached 
for a toy held close to her eyes. At 18 months she exhibited "investigatory 
activities/’ and "more interest in lights than usu,^l." Furthermore, she was 
repotted to be very sure-footed in walking. From these data it is clear that 
her visual defect was not as severe as that of the subject of the present study, 

Subject of the Present Investigation 

The subject of our investigation, Billy, was born on July 14, 1943. His 
weight at birth was 7 pounds 13 ounces. When be was months old, 
it was noticed that he gave no response to a flash of light and that his 
eyes did not follow a moving light. Five eye specialists concurred in that 
his vision was far below normal due to an atrophied condition of the optic 
tract. 

At six months he was taken to the Wichita Child Guidance Center where 
he was administered a battery of tests, via.. The Gesell Schedules, Cattcll 
Infant Scale, Vineland Social Maturity Scale and a number of improvised 

'^Received in the Editorial Office on July 10, 194-6, 
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tests. According; to tile repott, Hilly reacted normally for a 6 inontlis' baby 
except in tests requiring vision. 

Hilly arrived at his present home when he was nine months of age and 
came to tnir attention one month later. 'Flic foster parents were a minister 
and his wife who had two adopted sons, 3}^j and 5 years of age. The 
foster parents were intelligent and cooperative, and reliable in reporting data 
on Hilly's behavior. Under their guidance Billy was pcrmittctl to develop 
for the most part on liis own initiative without the benefit oJ special training. 

We found Hilly to be an attractive, strong, and physically healthy baby 
with large blue eyes and blond hair. In quiet periods he sat rocking forward 
and backw.'ird from the buttocks with his eyeballs rolled down. 

Upon presentation of auditory or tactual stimuli he opened the eyes widely 
and rolled the eyeballs upward. When the eyes were open, the eyeballs 
were usually in motion but their movements were not coordinated. They 
moved in different directions and at different speeds. Sometimes one eye 
moved wIillc the other remained fixed. Tlicsc oculo-motor peculiarities 
and information obtained from the following tests and observations gave 
evidence that Hilly was capable of discriminating only very gross brightness 
differences. 

When Billy was sitting with head erect, ti (lush light was directed upon 
Ins eyes at a distance of six feet. On only one occasion of 18 trials given 
at 15j IS, and 21 months did he make any response to the light. On this 
occasion he aat Btill momentarily and rubbed liis eyes. Plowever, there 
was no certainty that he was reacting to the light, since cessation of activity 
and rubbing the eyes were frequent occurrences. 

A second test was to confront liim Avltli obstacles as he crept about the 
room, Billy followed definite paths in creeping. When Ins back was 
turned a cardboard box was placed in his path. Tlic assumption was that 
if, upon approaching the box, he stopped or reached for it he was probably 
aware of its presence. There were two sets of boxes, each set consisting of 
three boxes, a black, a white, and a gray. The larger set presented an 
8'^ X 8" surface to the subject, the smaller set a 4" x 4" surface. Although 
the test "was given with the six boxes on three occasions, at 16^ 19, and 21 
months, Billy consistently ran into them. 

Our observations disclosed that Billy consistently closed his eyes to direct 
sunlight and had a preferred path in creeping, vix., toward the south window 
—the main source of light In the living room. However, he failed to reach 
for toys held close to his eyes or to give any otlicr evidence that he was 
aware of their presence, 
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Subject’s Development in Four Fields or Behavior 

At the time this study began the only data bearing on Billy’s develop¬ 
mental status were those received from the Wichita Child Guidance Clinic. 
Our first records were obtained on two visits to his present home. Since 
Billy was accustomed to strangers^ rapport was easily established. The 
data from observations of his behavior on these occasions were supplemented 
by information furnished by the foster mother. Examinations were con¬ 
ducted with the Gesell Developmental Schedules at 15, 18, and 24 months, 
but for the most part the data presented were gathered during regular 
weekly observations. On occasions when he was making rapid progress in 
an activity, semi-weekly observations were made. Some of the tests the 
passing of 'which depended largely upon visual space perception were tried 
but were later discontinued. 

Table 1 presents the list of tests passed by Billy, the age at which he 
passed each test, and the developmental age norms. The tests in which he 
failed are not shown, 

In administering the tests we adhered to the instructions in all situations 
except those otherwise indicated. We took precautions against developing 
negativistic attitudes by discontinuing situations at the first signs of fatigue 
or disinclination to respond. 

Beginning with the items on motor development, our data showed that 
Billy’s sitting behavior compared favorably with that of seeing children. 
Although he was below the norm for Sitting Unsupported when he arrived 
at his present home, his improvement was so rapid that at one year he was 
able to pass all tests on sitting. In the most difficult of these testSj Pivots 
180°, he was only one month retarded. 

The motor tests in which Billy was most retarded 'ivere those relating to 
locomotion and prehension. According to our records of items passed (see 
Table 1) and items failed, Billy’s retardation in these tests was as follows: 

Creeping, 4 to 5 months. 

Standing, 4 to more than 9 months, 

Walking, 6 to more than 9 months, 

Prehension, 6 to more than 18 months, 

At the close of this study Billy at 24 months was unable to stand or 
walk Independently, throw or kick a ball, or turn the pages of a book. He 
has made no attempts to grasp cubes or pellets tapped loudly into place on 
the table top. In the test, Grasps 2 Cubes in One Hand, the cubes were 
not presented on the tabic top but touched to the back of the hand so that 
they could be prehended by rotating the liaiid 180“. 
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DEVlir.OPMHNT IK M^TOH, ArjAl'TlVi:. r.AViaJACE, AKH I'KRSflKAL-SuCl^l. 

9 MnsTiis TO 2'i MojiTim 

Billy'h dgc in 
monilis wlicn 
(C!ii WQR pnsscd 

llEiuvroR ™m 

Gcsell 
age norms 
in moiuhs 

Motor tirhnvior 

Site nionc for i min. 

10 

vA 

Urccis ficU (vmn- IcnuiiiK forward 

10 

R/j 

Turn? In (lidc nnd inniniQinfi linkiicc 

10 

9 

Aitnina prone /rom 

11 

9 

.Adciiiis sitting from prone 

12 

10 

Pivots 180“ 

12 

11 

Grasps 2 cubes in one bond 

n 

13 

Adnina crccpiiijS position 

H 

10 

Creeps 

17 

11 

Stands: holds oHi full weight 

17 

9 

Attniria sttinding with li'i nssiRfrtnte 

17 

(0 

Walb: Jield by one hand 

18 

12 

Pulls self to Biftnding 

19 

U 

Lowers flcif (Q aitiing using support 

21 

11 

CriilaeSj >vcilkB u^ing fliippori 

21 

11 

StDirs: walks up on hands nnd fcet» not on knees 2d 

18 

/tdnptive D^ll(tvio^ 

Bell: slinkes spontaneously 

15 

9 

Holds 2 cubes In one linnd 

15 

n 

Lfitigudffr Hr/uwior 

Compreliciula ‘'patneake" 

12 

9 

Incipient jorgon 

14 

13 

Uses jargon 

15 

IS 

Vocabulnry: 10 words 

18 

18 

VocnblunT)': 20 words 

21 

21 

Speech: 3<word sentence 

24 

24 

PcnonflhSocial Behtivior 

Feeding; holds bottle 

in 

8 

Feeds self crncker 

10 

9 

Plays pnlncakc 

12 

12 

Co5pGroLcs in dressing 

13 

12 

Cobperaks in dressing with nrins 

15 

15 

Relcnaca ball 

15 

IS 

Caais objects playfully 

LS 

15 

Feeds selh spills, when cup placed in hands 

18 

18 

Lifts cup to mouth: drinks well, not replace 

21 

21 

Feeds self ccrcol with Bpgan when spoon 

clipped for iilm 

18 

15 

Feeding; handles cup well 

24 

24 

FeedUis'. inhibiia turning spoon 

2>) 

24 
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Retrirdation was greatest in the adaptive field of behavior. Billy has con¬ 
sistently failed in all tests of adaptive behavior listed at 15 months and at 
older age levels. At 15 months he was credited with performing two tests 
in adaptive prehension which seeing children succeed in passing before the 
end of, or soon after, the first year. At 24 months he has shown no ability 
in tower building with cubes, putting cubes in n cup, placing blocks In the 
formboard, drawing with a crayon, putting pellets in a bottle, etc. At this 
age seeing children can construct a tower of six to seven cubes. Billy has 
not built a tower of two cubes. His retardation in this field is already 
in excess of nine months. 

Since he failed so completely in the field of adaptive behavior, Billy was 
tested repeatedly with some of the materials under conditions involving 
changes in procedure. The results obtained under these conditions with 
the book, tower, and round block and formboard appear later in this paper. 

Billy was least retarded in the field of language behavior. His ability 
ill the use of jargon and words compared favorably with that of seeing 
children. At 15 months he was using jargon in play situations and had 
command over a few consonants and sjdlable combinations, viz., m, dj da^ 
Iff, and 7na. However, his vocalizations were less spontaneous than those of 
seeing children. His first intelligible word was ^'down'* which was asso¬ 
ciated with a game played by Billy and his foster mother. At 21 months he 
sang small parts of the hymns, Beautiftd Sffvi'or^ and "^Jesns Loves 

Me” The melodics were easily recognized but the words were not well 
articulated. Despite his ability in speech in the presence of people Billy at 
24 months was still employing jargon in playing by himself. 

The language tests which he failed to pass at as late as 24 months were 
actually tests of adaptive behavior. To pass these tests tlie child must pat, 
name, or point to pictures, carry out directions in disposing of a ball, and 
name certain test objects, viz,, knife, pencil, and ball. These tests occur 
at age levels, 15-24 months. Billy also failed in the 24’month test involving 
the use of the pronouns I, me, and you. 

The pattern of development in personal-social behavior was similar to 
that in language behavior. Billy*s performances in the petsoiial-social situa¬ 
tions compared quite favorably with those of seeing children except in tests 
of adaptive behavior included in this field. Thus, while Billy exhibited 
ability approaching that of seeing children in simple play, feeding, and 
dressing situations (see Table 1), he evidenced retardation ranging from 
3-9 months in tests involving pulling a toy, carrying a doll, regulation of 
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toilet habilSj showing or ofleriiiK a toy, and communicating wants or needs 
h}’ pointings inilling, or vocaliitine. 

At this point it simulcl be stated that in her training of Hilly, the foster 
motlier's attitude was one of helpfulness and cjicaiiragcmcnt without over- 
Indiilgciicc, Her aim was to instil self-confidence rather than daring, to man¬ 
age him ill much the .same way that she would liiindlc a seeing child, and 
to permit him to gain experience without hurrying him through babyhood. 
As a result, Hilly had no specific training in the personal-social field of be¬ 
havior, except for the limited practice in self-feeding received once cadi 
week beginning with the 18tli month. 

On these occasions he sat in the liigh-cliair. A teaspoon was put in his 
right hand and a bowl of cereal placed before him on his table. The palm 
of his left hand was held against the bowl. Through practice of bringing 
toys to his nioutli lie had a well developed hajid-tUMiiouth response. Gy 
means of a full palmar grasp close to the bowl of the spoon, Billy in his 
first experience with feeding tools at 18 months exhibited considerable skill 
in guiding the filled spoon into his nioutli. Since he made no efiort to dip 
the spoon into the cereal upon lowering Ins hand, the examiner took hold of 
his wrist and aided him with a scooping inovcmcnt. At the close of our 
investigation, despite all cncouragomciit, Hilly had made no attempt to fill 
the spoon. All dipping movements had to be completed by the examiner 
before the spoon was raised to the mouth. 

He was credited with passing three tests involving use of the cup. At 18 
months he held the cup remarkably well when it was placed in his hands. 
At 21 and 24 months his performances with the cup showed further im¬ 
provement, On these occasions the subject’s hands were brought to the cup 
01 ) the table top. He guided the cup skillfully to his mouth but did not 
replace it on the table top, 

His success in passing the tests, Releases Ball and Casts Objects 
was by no means a surprise, since casting objects was one of his favorite 
pastimes. Prelicndcd objects, viz., rattle and hell, which emitted sound by 
shaking them, were retained. AH other objects were repeatedly dropped. 
Their value consisted largely in the noise they produced on striking the floor, 

Dbvjjlopmknt op Locomotjom 

Of special interest to the investigators was the lack of spontaneity in 
the subject's movements and u disinclination to initiate movements which 
involved alteration of position or even extension of the arms. His preferred 
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posture throughout the second year was sitting. As late as IS months 
he had made no attempt to acquaint himself with his surroundings cither by 
exploratory movements of the hands or by moving about. His arms were 
generally hexed. Althougli he was alert to sounds and movements about 
him, when he was left to his own devices he was content to remain for long 
periods at the place at which he had been placed. He made no eEort to 
grasp objects which were noisily put on the table before him. He did not 
exploit them when they were handed to him, except to bring them to the 
mouth, When he was placed on hands and knees, he remained in this 
position or slowly lowered hlmseH to prone. Later, when he ventured to 
creep, he moved slowly and with utmost caution. Despite his ability to 
support his weight in standing, attempts to place him on his feet earlier 
than 15 months usually resulted in failure because of a marked tendency to 
assume the sitting posture. Tlie subject’s disinclination to move about aroused 
curiosity as to when and how locomotion would begin. Because of the com¬ 
plete lack of information concerning this aspect of growth in blind children, 
the development of locomotion in our subject was recorded in some detail. 

The seeing child sits unsupported for a full minute at 7^ months, attains 
the creeping position at 10 months, and creeps at 11 months. When the 
present subject at 10 months exhibited good sitting behavior, there was a 
lapse of four months before lie managed to get on hands and knees and an 
additional lapse of two months before he ventured to creep. When he at* 
tamed the creeping position for the first time during the 14tli month by 
raising the body from a prone posture, he remained on hands and knees for 
several minutes, occasionally raising the head and rotating it slowly from 
side to side. Limited creeping was exhibited at the end of the 16th month. 
He crept very slowly forward a few short paces, turned about, and retraced 
his path. 

At 17 months the subject was able to proceed to creeping from botli prone 
and sitting postures. When he was placed in the prone position, he first 
braced his palms against the floor so as to elevate the upper part of the body, 
and then pulled his knees up under liiin. When he was placed sitting, he 
put the palms of his hands on the floor nt the sides and somewh.at at the 
rear of the buttocks and, using the arms as props, cased himself slowly back¬ 
wards to n supine position, after which he rolled to prone before rising on 
liaiids and knees, At 20 months he discovered a short cut in going from 
sitting to creeping. He leaned forward, placed the palms on the floor to 
support the weight of the upper trunk and hcad^ drew Ids Legs back beside 
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tile liips find rose to his knees. Iiitjuiry revealed tliat until these observations 
began the subject had never been plnccd in a crfcping |iosition. 

At 17 months he began to increase the distance of liis creeping excursions, 
At first he followed the procedure of moving for>vard and retracing Ins 
course. His movements were slow and the advancing hand was placed 
cautiously on the floor ahead before lie sidfted hk weight and drew the kg 
Jorwnril. However, before tlic CJid of the I7tli month, he was creeping 
cautiously about the roonij feeling liis way with his licad whicli he charac¬ 
teristically held face dowrvward. I'hus, as he bumped gently into pieces of 
furniture, he absorbed the shock with the top of the head, Contact was at 
first followed by withdraival. Later, tlic hand was extended and rubbed 
or brushed over tlie leg or seal of the object. At 18 months he was 
creeping from one piece of furniture to another and exploring them by hand 
and inoutli. jlcforc the end uf this month he evidenced knowledge of the 
location of the various pieces of furniture by creeping directly toward them 
and raising the hand to a height appropriate to that of each object wlicii 
he was witliin reaching distance. 

Up to this time tlic subject had always been put on the floor at about the 
same location in the room* Since he appeared to be familiar with his sur¬ 
roundings from this point, he was placed on hands niul knees nt varying 
locations in order that we might observe how he oriented himself ^vitll refer¬ 
ence to the room. The examiner licld the subject in her arms, turned around 
slowly three or four times, then lowered him to the floor and stepped quietly 
to one side. At times lie was placed facing the wall, and at other times 
facing the center of the room, always beyond arm's length from wall or 
furniture. 

On these occasions the subject first ussumed a sitting posture. He then 
extended the arms a little and moved the hands laterally in a small arc at 
waist level to feel about him. He next pivoted around slowly, renewed 
these seemingly searching movements, and, failing to contact nny article of 
furniture, returned to the creeping position. He crept cautiously for one 
or two slow steps, extended aa arm forward, and, if lie failed to contact 
anything in his path, continued tliis slow progress until he found an object 
wliich^ after moving his hand over it and mouthing it, he apparently recog¬ 
nized, fie then took n position with reference to the object, and gave evi¬ 
dence of awareness of his location by creeping more rapidly mid extending 
the arm, on. approaching other objects, 

Despite the subject's reluctance to being placed upon Ins feet, when he 
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was held leaning against the side rails of his crib at 10 months, he demon¬ 
strated his ability to support hts weight by remaining in this position for 
four or five seconds. The fact that he was supported from both front and 
rear may account for standing at this early date. In subsequent trials at 
standing, support was given from one direction. At 15 months we succeeded 
in getting him to support his weight in standing when he was held at the 
armpits. He sank immediately to sitting when the examiner withdrew her 
hands. At 17 months he was placed standing facing the examiner. When 
she spoke ejicouragingly to him and gradually withdrew her hands he 
merely leaned forward against her. She also attempted without success 
to elicit stepping movements by holding his hands and pulling him slowly 
forward. When she repeated this procedure at 18 months, he succeeded 
in sliding one foot ahead on the toes and dragging the other forward an 
equal distance. In the first stepping movements the entire weight of the 
body was on the toes. However, with five days of practice, walking with 
support was accomplished with short full-sole steps on alternate feet. Bal¬ 
ancing was precarious. Gripping firmly the examiner^s forefingers with 
both hands, he swayed laterally and forward and backward on widely spaced 
feet. At 21 months his ability in balancing had so improved that he walked 
holding on with one hand, His grip on the examiner’s finger wns relaxed 
and it was evident that he was using this finger more for a guide than a 
support. 

At 19 months he pulled himself to standing. He had been creeping 
before the sofa, occasionally lifting a hand to it, when he came to a stop 
and brushed his right hand back and forth over the seat. Using this arm 
for support, he elevated himself to one knee, and then, bracing himself 
against the sofa, brought the left hand to the cushion and at the same 
time pivoted to the right until his chest was in full contact with the sofa. 
He now braced himself hard against the sofa and drew up the left knee. 
With his head bent forward and both arms extended across the seat he got 
one foot and then the other on the floor and pulled himself slowing to 
standing. He supported himself by leaning heavily against the sofa. 

At 21 months his standing posture was quite erect, and he began to cruise 
along the sofa. He used a full-sole stance in cruising and balanced himself 
by sliding the hands on the scat of the sofa. At times he sidestepped his way; 
at other times he cruised with both feet pointed in the direction in which 
he was moving, As late as 24 months when this study endedj the subject 
had never been observed to stand or walk independently. 
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AL'DlTOriY ]*l;RCKFriON HI-' I llRnCTION 

Tilt experiment consisted in locali/.in^ a source of sounrl in a horizontnl 
plane ill front of the subject. 

'riic source of sound a small liand bell, liilly had early exhibited a 
marked preference for sniind-cniittliiR objects and w.as especially fond of 
the hand bell. It 'kvas believed that rinRin|f the bell within arm's length 
would elicit reaching movements ami ilmt the directness of vlicsc movements 
would he an indication of the accuracy of Incali/ntion. Since Hilly's usual 
reaction to sound was to rotate the head in the direction <»f the .sniircc of 
the sound, the direction in winch he faced xvas also recorded. 

The subject sat on the floor midway of one side of an elhow-higli table 
with his legs extended beneath it. The experimenter sac facing die subject 
from the opposite side of the table. The table top wbicb was painted white 
was 30 inches long, 20 inches wide, and five inches above the floor. With 
the midpoint af the table edge directly under the subject's nose as tlic 
center, a semi-circuinfcrcncc, the rndiu.s of which was 10 inches, was described 
in block on the table top. Five straight black lines radiating from the mid¬ 
point intersected tlie scmi-circumfcrcncc at the median plane of tlie subject's 
body, and at 30" and 60’ right and left of the median plane. The points 
of intersection were used in the presentation of the bell. The lines aided 
the experimenter in following the course of the reaching movements and 
tracing them on paper patterns of the table top. 

The experiment was conducted at intervals of one week from the l5th 
montli to the 24th month. Illness resulted in the loss of tlirce sessions. 
Attempts to present the bell once at each of the five points at each session 
were not successful because of Billy's reluctance to surrender the bell after 
having secured it and later because of waning interest In the bell with in¬ 
creased confidence in creeping. From the l7tli month to 20tb month he 
frequently showed In’s disregard for tJic bell by creeping away before the hell 
could be presented. There was some renewal of interest for the bell at 
21 months. The number of presentations was therefore first reduced to 
four and then to two. Eventually the bell was presented only at positions 
30“ right and 30’ left of the median plane. 

The experiment began with the examiner calling the subject by name. 
When he was facing directly ahead, the examiner with a few sliarp wrist 
movements directed toward and away from the subject rang the bell imme- 
dintely above the point at which it was to be placed and quickly released it. 
The examiner directed her attention upon the subject's face during the 
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ringing of the bell nnd then transferred it to the subject's reacliing liaiid, 
the path of which she at once traced on the paper pattern, Billy was 
praised for each reaching effort and permitted to retain the bell for a short 
time whenever he succeeded in grasping it. 

The experiment provided Billy his first experience in reaching for objects 
at a distance which required leaning forward from the buttocks. We do not 
mean to say that up to this time he had had no experience at all in reaching. 
Any activities of the arms which are directed at maintaining balance, handling 
toys, altering one's position or posture, etc., may be regarded as reaching 
movements, Besides, he had had some practice in reaching for the rattle 
sounded at varying points about the head. 

The initial response to the ringing of the bell consisted in rotating the 
head until he faced directly the source of the sound. During this time hand 
movements were temporarily suspended. However, reaching occurred almost 
at once. If he succeeded in grasping the bell, it was immediately inverted, 
brought to the lips and tilted as though it were a cup. Shaking the bell 
slightly and bringing the other hand upon it usually followed. His reach¬ 
ing movements even at the start of the experiment were directed at a point 
immediately above the bell. It was only when the arm was fully extended 
that reaching took on the character of groping. Groping consisted of search¬ 
ing movements in which the hand, as it descended, swept laterally above 
the table top in the vicinity of the bell. However, so well was the hand 
directed that had Billy merely lowered it at the end of its approach he 
would in most instances have contacted the bell. Thus, while the groping 
movements were for the most part superfluous, their use at the time of this 
experiment had already become habitual. Incidentally, the hand was held 
pronated in an anticipatory grasping posture in groping. The fingers were 
semi-flexed and the thumb in opposition. 

Left and right were never confused in localization. One hand was always 
used in reaching, the right hand when the sound was at the right and the 
left hand when the sound was at. the left. 

Table 2 presents data relating to the reaching responses to the bell at 
each of its four positions. The items are self-explanatory with the possible 
exception of the word Sweeps which refers to the lateral deviations of the 
hand in groping for the bell. 

The table fails to show how well directed were the reaching movements. 
In fact one gains the erroneous impression that considerable difficulty was 
experienced in locating the bell. According to die data, the subject missed 
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TABLE 2 

Data Relating to the Rbaciung Movements in Locm.izinq the Sound of the BHLir 
AT + Positions in tub Hobizontal Plane jn Front of tjib Sudject 


Pcaition 

□fbell 

No. presen- 
tntiona 

No, times 
grasps 
bell 

Mo. times 
reaches 
bnt fails 
to grasp 

No. times 
fniJs to 
respond 

No. of 
groping 
sweeps 
before 
grasping 

Scope of 

sweeps 

(inches) 


3L 
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5 
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21 

B 
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0 
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1 io 4 

10-34 

60“L 

S 

0 

2 
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the bell on 12 of the 30 occasions in which reaching responses occurred at 
the two mote frontal positions. However, six of the misses were due to 
under-reEiching (failure in depth discrimination) and four to failure to lower 
the hand when it was extended above the bell. There was no reduction 
in the number of sweeps in groping for the bell. Contact with its handle 
usually required two or three sweeps. Because of decreasing interest 
the bell, the sweeps were more carelessly executed and more extensive In 
scope at the end, than at the beginning of the experiment, For exnmplcj 
the shortest sweeps for both hands occurred at 16 months and the longest 
sweeps at 22 and 23 months. As a result, there was no improvement with 
age in accuracy of groping or in speed of contacting tlte bell. 

The subject's readiness in initiating the reaching movements, the directness 
of the approacli upon the bell, and the well-directed head movements point 
to a fairly accurate perception of tlic source of sound. 

Auditory Percjiption of Depth 

In this experiment the subject was required to localize a source of sound 
at varying distances in the median plane of the head. The conditions were 
the same as in the preceding experiment, witii tlie exception that the bell 
Was rung with short lateral wrist movenaents and, as nearly as possible^ with 
equal force at distances of 5, 10, and 13 inches immediately in front of the 
subject, All three points were within reaching distance. Since adjustments 
of the head raising or lowering it in accordance with the distance of the 
bell—were too indefinite to be Informative, ability in depth discrimination was 
determined in terms of the accuracy of the reaching movements. Tlic expeW- 
ment was tried at 15, 19, and 21 months with the bell rung and placed at 

each of the three points designated above at each session. The results in 
brief were as follows. 
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Distance discrimination was evidenced at the first session. The subject 
reached farther for the bell at the 15-inch distance than at the 10-inch dU- 
tance^ and farther at the 10-inch distance than at the 5-inch distance. The 
reaching niovements were more accurate at the lO^inch distance than at either 
of the other distances, although in each instance they ended in groping. There 
was no improvement in depth discrimination. Over-reaching occurred at 
each presentation of the bell at the 5-inch point and under-reaching at the 
tJiree trials at the l5-jnch point. The hell was always grasped at the lO-inch 
distance, knocked down and then grasped at the 5-fnch point, and missed 
by 1-3 inches at the IS-inch point 

The results obtained In the above experiments on sound localization are 
in accord with the facts, viz., that right-left discrimination is good, whereas 
depth discrimination is relatively poor. 

TACTUAL’KtNliSTHETrC LOCALIZATION 

Because of the tender age of the subject, the experimental method com¬ 
monly used with older children and adults, viz., that of requiring the 
subject to place the point of a stylus on the stimulated point of the skin, 
could not be employed. The localizing responses consisted in bringing the 
fmgers of the localizijig hand to rub the stimulfitcd area- The responses 
were elicited by tickling with a small feather at predetermined points on 
the skin and by applying gentle pressure at various points on the arms and 
legs. Although the subject’s localizing ability could be only roughly de¬ 
termined by this procedure, no other method suggested itself. 

In the tickling experiment the tip of the feather was drawn lightly over 
the skin with a circular motion. The diameter of the area covered did not 
exceed 2 cm. The points stimulated were the lobes of the ears, the tip of the 
nose, and the dorsal surfaces of the wrists, elbows, and knees. Localizing 
responses to pressure were obtained at the wrists, elbows, sJzoluders, ankles, 
and knees, A rubber band encircling the limb at each of these points served 
as the stimulus for pressure. Rubber bands of the same thickness but of 
varying lengths were used. By selecting a band appropriate in length to 
the girth of the limb at each of the above points, pressure was approximately 
uniform for all points. The experimenter talked playfully with the subject 
as she slipped the band over the arm or leg and gently released it into posi¬ 
tion. These experiments were conducted at 17, 19, 21, and 24 months. 

Appropriate responses to the location of the tickling and pressure stimuli 
occurred at the beginning of the experiments. In the tickling experiment the 



168 


jouiiN;\t OF cbnetic psychology 


right hand was itscd rn localizing stimuJated points on the left side of tlic 
body and the left hand in localizing stimulated points on the right side. 
The stimulated area was in each instance covered and rubbed. The tips of 
the four fingers were used m the operation; hence to the extent that at 
least one of the fingers contacted the area, localization was accurate for each 
point. The area covered in rubbing was as large at 24 months ns at 17 
months. This finding Is in accord with those obtained with young children 
by Dunford (3), Renshaw (7) and Renshaw in cooperation with other 
investigators (8, 9). 

The subject also used the appropriate hand in locating the rubber bands, 
They were more readily located on the arms than on the legs, more readily 
located at the wrists and elbows than at the shoulders and knees, nrid much 
more readily located at the knees than at the ankles. Contact with a band 
was always followed by attempts at its removal. By means of scratching 
movements he succeeded in curling 2 or 3 fingers under the band. He 
experienced no particular difficulty in removing the bands from the j^rms 
but had no success in removing them from the legs. 

Results Obtafnbd wrm Improvised Tfisrs aN’d Trsts v^ltu 

Modifibd Procedures 

Many of the materials used in testing seeing children possessed little or 
no stimulation value for our subject. This was particularly true of objects 
of prehension. It was evident that unless we obtained activity with these 
or similar matefialsj we should be unable to render a just appraisal of his 
ability in certain aspects of motor and adaptive behavior. Furthermore, it 
was by means of this activity that we hope to gain information concerning 
the way in which the subject Rchieved perception of tridimensional space, In 
some of the following test situations the examiner souglu to acquaint him 
with the Use of the materials and to promote activity by appropriate manipula' 
tion of the subject's hands, even to the extent of carrying out the required 
activity. 

Goosey Grinder Book. The examiner tapped the book sljai'ply against the 
table top before placing it before the subject. After a short pause he cau¬ 
tiously extended his hands and placed them on the book. If he chanced to 
contact its edge, he sometimes raised the cover slightly but never turned the 
pages, The examiner then turned the pages with the subject’s hand, but the 
activity ceased as goon as the examiner withdrew her aid. Despite continued 
use of this procedure from 15 months on, Billy has not turned the pages. 
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The Tivo-Cnhe Tower. This test also appears at 15 months in th^ 
Gesell Schedules, The examiner noisily built the tower within easy reach, 
then placed the palm of the subject’s right hand twice against the two 
cubes, and on the latter occasion left the top cube in the subject’s hand. 
The response to this procedure was either dropping the cube or bringing 
it to tlic mouth. The examiner therefore repeated the procedure and, in 
addition, alter the top cube had been removed, guided the subject’s hand so 
as to replace It on the other cube. When the top cube was now restored 
to his hand, no attempt was made to build the tower. This complete pro¬ 
cedure was frequently repeated during the course of study without success. 

Round Block and Three-Hole Forrnboard. The round block was first 
put in the subject’s hands. The examiner then took the subject’s right 
hand, gently rnaved the palm around the block a few times, after wiiich 
the block was removed. The examiner next held the formboard before 
the subject, had him grasp it with the left hand, and then moved the right 
hand around the round hole. The round block was now replaced in the 
subject’s right hand, while the examiner and the subject with his left hand 
held the formboard. Despite repeated trials with this procedure, the block 
was never brought into relation with the formboard. The procedure was 
also tried without success when the formboard was lying on the table top and 
the examiner guided the right hand and block into the hole. 

Ronyid Block and Hoop. Since the subject showed a preference for ma¬ 
terials which could be easily manipulated, an embroidery hoop was substi¬ 
tuted for the formboard. The hoop, inside diameter inches, was easily 
large enough to contain the round block. The examiner presented the block 
and the hoop singly and moved the subject’s hands about the objects. The 
objects were then presented together, the block to the right hand and the 
hoop to the left hand. 

The result was that the subject sat still so long as he held both objects. 
They were never brought close together. The block was usually released 
quickly, and the hoop retained but a short time. Taking the subject’s hands 
and going through the appropriate activity, viz,, repeatedly bringing the 
block into position within the ring, failed to bring a repetition of the activity 
when the hands were released. There was no evidence that the subject 
perceived the similarity in form of the two objects. 

Tak-d-Part DoU^^. The dolly consisted of three parts: a round head, a 
larger round trunk, and a flat wooden base at the center of which was erected 
a tall peg. Holes of larger diameter than that of the peg extended from top 
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to bottom through both trunk and head to permit slippiiiR tliesc parts 
in turn on to the peg so as to complete the dolly. The problem was to 
combine the parts. 

Despite our efforts directed at showing him how to complete the dolly, 
viz., moving his palms over it and its parts separately, iiuiicating the holes 
and peg, and using his hands to combine the parts, no two parts were ever 
brought close together. The fact that on prcscntatloJi of the complete dolly 
it fell apart as he manipukted it, apparently carried no significance. He 
retained briefly the part remaining in bis liands and ignored the fallen 
parts. 

Raltle mid Taper. When a paper, 8}4 x H inches, was crumpled about 
the chamber of R small rattle and handed to the subject, he shook the wrapped 
rattle first With one hand and then with the other until the paper fell off. 
When tlic rattle was wrapped in paper and tied with n string, lie repeated 
the above performance. When this acuvity failed to remove the paper, he 
held the wrapped rattle with both hands, scratched at the paper until he 
curled the fingers under the string, and managed to pull it off. The paper 
was then removed by shaking. Although this situation was reinstated several 
times during the last weeks of our stud}^ he never held the rattle with one 
hand and removed the paper with the other, 

Discussion 

The subject’s performances in the developmental schedules aiitl in tlic 
other test situations employed in this study revealed a general retardation 
in development. The retardation was greatest in the motor and adaptive 
fields of behavior and least in language. 

Out data indicate that his retardation as a whole was due to imulccjuate 
space perception. Although information concerning the devcloprncnl of 
space perception in the young blind child is lacking, the literature indicates 
that the notions of space of blind adults differ from tliosc of seeing persons. 
According to reports (5, p. 20Sj 10, p. 331) they depend more upon audi¬ 
tion than upon the sense of Couch for their ideas of space, Itescarcla sJiows 
that congenitally blind individuals upon recovery of sight lack stereoscopic 
vision (!, 6) and make unsuccessful attempts to reach for objects (2). A 
survey of the tests to which the subject failed to respond or in wlucli liis 
performances were notably poor showed that these tests involved the use of 
movements the appropri.ite execution of which depended upon appreciation 
of space beyond the body. The fact that most of these tests are concerned 
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with motor and adaptive behavior accounts for the subject's marked retarda¬ 
tion in these fields. 

Motor and adaptive forms of behavior are for the most part concerned 
with outgoing activitieSj viz.j various forms of prehension and locomotion. 
Prehension and locomotion call for relatively accurate perception of spatial 
facts a/id movements of precision. Of all the senses^ vision furnishes the 
most exact and complete appreciation of space and the most objective and 
accurate directive cues for outgoing activities. The individual who is de¬ 
prived of vision at birth is forced to depend upon the less definite tactual, 
kinesthetic, and auditory impressions for his notions of space. As a result, 
his perception of spatial facts, such as location, extent, and distance will be 
less definite than that of seeing children. Because hearing is his most im¬ 
portant distance sense, his outgoing movements will probably be initiated in 
response to auditory stimulation. However, since hearing is a very subjective 
sense and auditory space perception is notably poor, except for right-left 
discrimination, such movements will be late in appearing and less well 
directed and less confidently executed than those of seeing children. 

Since movements are an important factor in the development of space per¬ 
ception, their late appearance will further handicap him in perceiving the 
spatial relationships of his environment. With the above conditions in mind 
the marked retardation exhibited by our subject in all activities involving 
prehension and locomotion is not surprising. 

In this connection one may well be asked to account for the subject’s 
well directed reaching movements in response to the auditory presentation 
of the bell, In answer to this question it can be stated that localization 
of the bell necessitated only right-left discrimination and that the subject 
had already had four months’ practice in reaching for a rattle presented 
informally at varying positions in the horizontal plane of die ears. 

With reference to locomotion it can be said that the subject’s marked 
retardation in standing and walking indicates that vision plays an impor¬ 
tant role in upright postures. According to the data, our subject was 
only 1-2 months retarded in sitting but was unable to stand or walk inde¬ 
pendently at 24 months. Devclopmentally, sitting, standing, and walking 
represent progressive stages in locomotion. In the development of these 
activities the seeing child makes appropriate motor responses to visual, kines¬ 
thetic, and tactual cues. Standing and walking, very precarious postures for 
the young child, develop later than sitting because they require a higher 
degree of inter-sensory-motor coordination. Visual cues serve as the directive 
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ngents in locomotion, and as such, they aid in maintaining bodily equilibrium. 
In the development of locomotion from sitting to standing and walking, as 
the height is greatly increased and the area of the supporting base corre¬ 
spondingly reduced, visual cues become increasingly important for equilibra¬ 
tion. Thus it is cleat that blindness is a greater handicap to upright than 
to sitting postures, 

When we compare the behiivior of our subject with that of seeing children 
wc begin to realize the significance of vision in the initiation nnd develop¬ 
ment of outgoing activities leading to prehension, locomotion and apprecia¬ 
tion of space. To the seeing infant visual localisation of an object is the 
first step ill gaming possession of it. The object is fust prehended by the 
eyes and later by the hands. Visual localization develops rapidly during the 
first two months of life, and active reaching movements in response to visual 
localization of objects occur as early as the third month and arc so well 
directed at 6 months that grasping an object at a distance of 6 inches is a 
normal occurrence. Visual and manual exploration of objects begins at 
about 7 months and there is some evidence of form perception before tbc 
end of the^ first year^ Visual stimulation from objects, persons, and their 
movements also serves as an incentive for locomotion. At one year the 
child creeps about the room or walks holding on to the furniture. During 
these excursions he frequently stops to examine objects with eye and hand. 
At 15 months he walks independently and his excursions soon cover the 
house. He is rapidly acciuiring definite notions concerning space. In ex¬ 
ploring and exploiting objects, and in moving from place to place, the visual, 
tactual, and kinesthetic senses are stimulated together, and collectively they 
furnish data for the perception of many spatial facts, such as location, extent, 
distance and form of objects. 

In contrast to the positive and aggressive attitude of seeing children tO' 
ward their environment is the lack of initiative and spontaneity in onr, sub¬ 
ject's movements. 

Audition played the leading role in acquainting the subject with liis sur¬ 
roundings. His behavior at the start of this investigation clearly indicated 
that the cars were his primary exploring tools. Before and after he was 
able to creep, as he- sat quietly on the floor for long periods, his attitude 
was one of Constantly listening. At the least abrupt sound the restless eye 
movements came to .a stop as he raised find turned the head co bring both 
ears to bear upon the source. He was unusually alert to the sound of 
distant voices, approaching footsteps, and the opening of doors. He followed 



J. WILSON AND H. M. HALVERSON 


173 


approaching and disappearing sounds with smoothly executed head move¬ 
ments. In the experiment with the bell, slight corrective adjustments of 
the head following rotation appeared to indicate that localiisation of sound 
was achieved by the process of balancing the intensities at the two ears. 

His first acquisitive outgoing movements occurred at 11 months in re¬ 
sponse to a sound-producing object, the rattle, presented within easy reach 
at car level, In addition to rotating the head to the sound, he began to 
reacij for tlic rattle by sweeping the slightly extended arm right and left 
in the general direction he was facing. At first the rattle was so held as 
to Insure success in reaching. Later, it was held farther away and at vary¬ 
ing points about the head. At 15 months when the bell was introduced his 
groping movements were more confined, and resorted to only when the arm 
was fully extended. Hia other outgoing activities, crcepiJig at 16 naonths 
and standing with support at 17 months, were also initiated in response to 
auditory stimulation, viz., vocal urging by mother and examiner. 

There is another point to be considered in accounting for the subject’s 
retardation in development. Our investigation finds the subject employing 
tactual and kinesthetic impressions in constructing his notion of space as 
it pertains to the parts of the body, then depending largely upon auditory 
and kinesthetic impressions in developing his notion of space beyond the 
body, and apparently experiencing difficulty in relating the two notions. It 
will be recalled that in the tickling experiment the subject employed tactual 
and kinesthetic Impressions with considerable success in locating the stirnulated 
points on the skin, yet he failed to make effective use of such impressions 
in acquainting himself with the spatial aspects of his surroundings, Now 
movements, such as reaching, handling of objects, locomotion, etc., are essen¬ 
tial to an appreciation of spatial facts. In our subject, as we stated above, 
these movements occurred in response to auditory stimulation. In turning 
his head to sounds, in reaching for the rattle and bell, and in shaking them, 
auditory and kinesthetic impressions were being combined to give him his 
notions of distance and direction. Tactual cues were involved only inci¬ 
dentally in grasping and holding. Neither tactual nor kinesthetic impres¬ 
sions were employed in gaining detailed information of these objects. There 
was no poking, rubbing, fingering or transferring from hand to hand, of 
the bell or of other objects placed in his hand. 

In yievi’’ of the Ijitercst value of these objects for seeing cliildren of his 
age, and their performances in similar situations, it would appear that 
tactual and kinesthetic impressions alone do not possess sufficient stimulation 
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value to elicit mnnipnlntory activity, aiwl that much of tlic Value of touch 
as an informative sense in early chilcIljoo<l is due to its association with 
vision. Active exploration began with large objects as an orienting necessity, 
As late as 16 months he made tio attempt to move from a sitting position 
or to extend his arms to feel about him. At 18 months, as he crept about the 
room, contact with objects was followed by withdrawal and chmiRC of direc¬ 
tion. As the Scope of his excursions increased and contacts became numerous, 
lie began to explore the objects with hands and mouth. At 19 months 
awareness of the location of the various pieces of furnltvuc was evidenced by 
differential anticipatory reaching movements on approaching the objects, 

At the time this investigation was brought to a close tlicre was still no 
active exploration of prehended objects, such as one finds in seeing children 
under one year of age. Test materials placed in his hands were soon re¬ 
leased. Their value to the subject consisted in the noise they produced 
when they struck the floor, He anticipated the sound by turning the head 
to listen. Not only did he fail to explore objects, but he was unable to con¬ 
cern himself with more than one object at a time. Two objects, similar or 
dissimilar in form, when held in the hands, were never brought Into relation; 
and the two hands never cooperated in activities involving more than one 
object, However, despite the lack of exploratory and cooperative activities, 
recognition of objects and form perception were undoubtedly present to some 
degree. The spoon and cup apparently were recognized as sucli and were 
also fairly well managed when they were favorably presented. 

All in all, our findings appear to indicate that .space perception in our 
subject was not a single united experience. Space perception is a unifying 
process, viz., the combing of various sensory impressions into spatial units 
or patterns. The unifying process is accomplished primarily through vision 
and touch, since it is in these senses that the impressions are spread out 
spatially in an ordered arrangement in correspondence with their external 
stimuli. However, visual impressions arc the more precise, and the visual 
field of space is more objective and homogeneous than that of touch. Thus 
it is not surprising to find in our subject, who deprived of vision at birth 
ris now only beginning to ucUize the less defmitc tactual impressions, a less 
accurate and less complete appreciation of space than that exhibited by seeing 
children. By the same token, it is not surprising to find our subjects 
development retarded in activities involving outgoing movements. 
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Summary 

Study of a blind boy during the second year of life by means of a battery 
of tests and experiments revealed a general retardation in his development. 
His retardation was greatest in motor and adaptive forms of behavior which 
involved adjustments to his physical environment and least in language. 
The discussion of our findings presents reasons why we believe his retardation 
was for the most part due to inadequate perception of space. 
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CONSTANCY OF IQ IN MENTAL DEFECTIVES* 

Lincoln State School and Colony, and the Department of Pttblic JPeifars of the 

State of liiinou 


William Sloan and Harry H. Hariman 


A. Introduction 

This study is an attempt to verify previous studies concerniiig the hypothe¬ 
sis that the IQ of mental defectives decre^es as the subjects grow older. 
It has been found, generally, that children whose 70's are high at an early 
age tend to get higher IQ's as they grow older; and conversely, those whose 
/0's are low at an early age, tend to get lower 70's. 

The consensus of all these studies seems to be toward the proposition that 
the rate of mental growth is not the same for children with varying levels 
of mental capacity, It is probable also that if normal children have a 
Leveling off in the rate of mental growth at about the age of 13, then the 
same leveling off may occur earlier for children of subnormal intelligence, 
because they are reaching the maxiimim of their mental ability at an earlier 
chronological age. This same hypothesis miiy serve to explain why children 
of supernormal intelligence continue to gain after normal children have 
reached their peak of maturation. If it is true that subnormal children gain 
proportionately less in mental development at an earlier age than normal 
children, then it may be incorrect to apply to them the same growth curve 
formula which is applied to normal children. 

As pointed out by Stoddard and Wellman: 

Numerous studies in the literature have indicated the tendency for 
ined^utionaiiaed feebleminded to decrease m IQ, Kuhlmann, ivhose 
study in 1921 deserves mention because of Its comprehensiveness, reports 
an average yearly decrease of 2.19 points for morons, 1.04 for imbeciles, 
and .37 foe idiots. Hilden found a decrease over one year of 7.S 
points. Davenport and Minogue report about a two-point yearly 
loss for a group of approximately 70 boys retested nunually for six 
years (3), 

On tile other hand, Poull (2) reports that 126 defectives tested and 
retested on the Stanford-Binct at intervals of six months to three years and 
whose ages on the first test ranged from four to 28 years, with an 70 range 

'•‘Received in the Editorial Oflice on August 11, 1946, 
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of from 20 to 90, showed rin average increment on the second test of L28 
points. She reported tliat tlic range in the middle 50 per cent of the group 
changed from minus 3^3 to pUis 4,8 points, 

B. Description of Samplh 

The information used in this study was obtained from the files In the 
Psychological Department of the Lincoln State School and Colony at Lin¬ 
coln, Illinois. The data were collected in the spring of 1943 and only those 
individuals who were patients in the institution at tliat time were included In 
the study. From the card files tlierc were extracted the name, in the first, 
second, and any succeeding tests, and the corresponding IQ's for each patient. 
All patients who had had two or more tests were included in the study, with 
the following exceptions. (/?) Any case In which one or more of the tests 
had been given before 1920, It was felt that examination with the Stan- 
ford-Binet, prior to this date, may have had some questionable validity 
because of the short number of years of experience with the test. (/^) Those 
i Cases in which the JQ had been obtained by the use of a test other than 
orie of the revisions of the Binet test, (c) Those cases in which the CA 
on the test was Jess than three years, (d) All eases in which tlie JQ was 
100 or more, 

All tests were administered by the psychologists of the Lincoln State School 
and Colony, who had to possess certain minimiim qualificrttions in order to 
obtain such position. There still may be some differences in testing which 
may produce changes, because of the different examiners over tlic years. On 
the other hand, it must be pointed out that in many instances the same 
individual gave both tests, and that in not any case was the examiner aware 
of the use to which the data are being put at the present time. It is true, of 
course, that with such large numbers as are included in this study the factor 
of difference in examiners may be thought of as a variable which should 
produce no consistent bias. 

Because of the relative unreliability of the results obtained from patients 
who test with mental age under three years, it was decided to distinguish 
these cases from the remainder, but still to rutnin them in the total study so 
that any special work on low-grade patients would not be lost and so that 
the total sample would not be reduced too greatly, All [Q*s obtainctl pn'oi' 
to 1938 were corrected so that in all cases the divisor in the formula for 
the IQ’s was 15 years for adults. 

There were 1,446 patients whose records were used in this study. All 
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of these had had at least two tests, some had as many as eight. Each pair 
of successive tests for an individual patient was taken to represent a "case/^ 
in the sense that it represents a period of time in which his IQ may have 
changed. For example, if an individual had three tests, he would contribute 
two cases to the study, viz., a comparison of the first and second tests, and 
a comparison of the second and third tests. A comparison of the first and 
third tests would not be included as an independent case because such a com¬ 
parison would be related to the two cases included. The total number of 
pairs of successive tests (cases) was 2,267. 

C. Analysis and Findings 

The distributions of patients and cases are shown in Tabic 1. The first 
striking observation is that precisely twice as many patients lost in /Q as 
those who gained. When additional retests arc considered, It is found that 
711, or 31 per cent of the 2,267 cases had an increase in IQj while 1,375 or 

TABLE 1 

Number of Cases, Showing Direction of Change in IQ 

Total CQ8CS Increase in IQ Decrease in IQ 

Cases MFT M FT M FT 


All cases 


Unique patients 

739 

709 

1,446 

206 

237 

443 

478 

404 

832 

Only one retest 

463 

465 

928 

117 

143 

260 

307 

272 

579 

First retest 

275 

243 

518 

89 

9+ 

193 

171 

132 

303 

Additional retests 

431 

390 

821 

131 

137 

268 

272 

219 

+91 

Total cases 

1,169 

1,093 

2,267 

337 

374 

711 

750 

623 

1,373 

Per cent of total 

100 

100 

100 

29 

34 

31 

64 

57 

61 



Cases with M/I <3 

only 





Unique patients 

125 

131 

256 

26 

39 

65 

92 

80 

172 

Only one retest 

64 

95 

159 

9 

27 

36 

52 

60 

112 

First retest 

61 

36 

97 

17 

12 

29 

40 

20 

60 

Addicionni retests 

69 

33 

101 

2S 

12 

37 

40 

18 

58 

Totnl cases 

193 

164 

MU 


MB 

102 

132 

9a 

230 

Per cent of total 



m 


Mm 

29 

68 

60 

64 


61 per cent, of the cases had a decrease in 70. The remaining 8 per cent 
represents those cases for whom no change in IQ was found. Of the total 
.cases, 357 or 16 per cent, were those with MA less than three years., In 
this selected group the relative proportion of cases which show a decrease in 
IQ was slightly greater than for the entire sample. 
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An indicntion of the total number of eases obtained from tlic varying 
number of tests taken by the patients is presented in Table 2. Of the 1,446 
patients, 928 or 64 per cent had only two tests, and 324 or 23 per cent 
had three tests each; and the remaining 13 pet cent of the patients had 
from four to eight tests each, decreasing in mimber as the number of tests 


increased. 


TABLE 2 



Nuaidbr of Tests 

Taken dy Each Patient 



Number 

testa 

" Number af patients 

M F T 

RcBulinjU number of cnacs 
iif F r 

2 

463 

46S 

928 

463 

465 

928 

3 

177 

147 

324 

354 

294 

648 

4 

62 

64 

126 

186 

192 

378 

S 

21 

21 

•42 

84 

84 

168 


9 

5 

14 

45 

25 

70 

1 

5 

4 

9 

30 

24 

54 

8 

I 

2 

3 

7 

14 

21 

ToiqI 

738 

708 

1,446 

1,169 

1,09S 

2,267 


In discussing the concepts of age and JQ the problem arose as to whether 
to consider the age and the JQ at the time of the first test, at the time of 
the Inst test, or at some intermediate point. In attempting to solve this 
problem three measures of age were evolved, namely; (n) initial OA^ the age 
at the time of the first test; (i) terminal CA^ the age at the time of the 
last test; and (c) mid CA, the age halfway between the initial and terminal 
C^'s, regardless of the number of tests involved, The same device was 
used in describing /O's. 

Data on chronological age (initial, mid, and terminal) are presented in 
Table 3. From this, it is evident that the median span of time between 
the first and the last test in the whole group was 5,5 years. The arithmetic 
mean for each of these measures of age is consistently about two and one-half 
years greater than the respective median. This positive skewness is to 
be expected from the nature of the sample, which includes eases selected 
with a minirhum age of three years and an unlimited maximum age. The 
standard deviation is 10 years at the initial age, and increases slightly at 
mid-age, and again in the cases of the terminal age. However, the relative 
variation is really less at the terminal age than for the other two age 
distributions. 

In reporting data on IQ the scheme of iiutiaL, mid, and terminal measures 
was used. For each of these measures the derived statistics arc given in 
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TABLE 3 

SiMi'LE Characteristics of Chronological Agjis of Patients 
(All &gea in years) 


Statistic 

Initial CjI 
M F 

r 

Mid-Cvl 
M F 

r 

Terminal CA 

M F T 

Total patients 

738 

7QB 

1,446 

733 

703 

IM6 

?3B 

708 

1,446 

Range 


3-60-1- 



3-60-f 



3-60+ 


Mean 

14.2 

15.5 

14.0 

17.3 

18.4 

17.8 

20,4 

21.2 

20.8 

Median 

11.3 

13.2 

12.1 

14.4 

15.9 

15.0 

17,1 

18,0 

17.6 

Slccwness 

C.B2 

0,74 

0.81 

0.78 

0.7S 

0.81 

0,7S 

0.92 

0.85 

Standard 










Deviation 

10.6 

9.3 

10.0 

H.l 

9.6 

10,4 

12.0 

10.4 

lt.3 

Probable Error 

7.1 

6.3 

6,7 

7.5 

6.5 

7.0 

8.1 

7.0 

7.6 

CocHicicnt of 










Variation 

74,6 

60.0 

67.6 

64.2 

52.2 

58.4 

58.8 

49.1 

54.3 




TABLE 4 







Simple Characteristics of IQ of 

Patients 





Initial IQ 



MidTO 

Terminal 70 

Statistic 

M 

F 

r 

M 

F 

T 

M 

F 

T 

Total patients 

738 

708 

1,446 

738 

708 

1,446 

733 

70S 

1,446 

Range 

1-95 

1-90 

1-95 

1-95 

1-85 

1-95 

1-99 

1-90 

1^99 

Mean 

S1.6 

48.4 

50.0 

49.2 

46.6 

47.9 

46.9 

45.0 

46,0 

Median 

j3.3 

50.6 

51.9 

51.Q 

4S.9 

49.9 

47.8 

+7.0 

47,4 

Skewness 

—0,32 

—0,40 

—0.35 

—0.34 

—0.43 

—0.38 

—0.16 

—0.36 

—0,25 

Standard 










Deviation 

1S.7 

16.5 

16.2 

H.8 

16.0 

Ig.O 

16,8 

16.5 

16.7 

Probable Error 

10.6 

11.1 

10.9 

10.7 

10,8 

10.8 

11.3 

11.1 

11.3 

CoefTicicnt of 










Variation 

30.4 

34.1 

32,4 

32.1 

34.3 

33.4 

35.8 

36.7 

36,3 


Table 4. The IQ\ of the patients range from I to 99. The upper limit 
was set arbitrarily as described above. 

The mean initial IQ for the sample was 50; the mean mid-lQ was 48; 
and tlie mean terminal IQ was 46. The respective medians were 51.9, 49.9, 
and 47.4. At each stage of measuring IQ a slight negative skewness is evi¬ 
dent. The amount of dispersion for each measure of IQj given by the 
standard deviation, is consistently between 16 and 16,7. Although the SD 
of IQ is greater than that for GA, these should not be compared directly: 
for the relative variation in IQ is half of that in age (indicated by the coefli- 
cents of variation). 

The data on time intervals between successive testings are presented in 
Tabic 5. The time intervals were put in classes of six months, except 
that all retests which occurred after 12 years were grouped. The bulk 
of the retests were given within four years, but in a few instances the time 
between the original test and the retest was as much as 20 years. 
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TABLE 5 

Simple CfiARACTRRiSTica or Time iMTERVAtiS de-twcen Successive Testings 


Statistic 

Male 

Female 


Total 

Total cases 

1,169 

1,098 


2,267 

Range 

1 month to over 

12 yenrs 

Meat! 

4 yr&. 0 mo3> 

3 yra, % 

inos, 

3 yrs. 10 mos. 

Median 

2 yrs. 10 mos. 

2 yra, iVi 

rnosi 

2 yrSi 8 rnoa. 

Skewness 

l.Ol 

1.02 


1.0 V 

Standard Deviation 

3 yr5. S mo$. 

3 yrs. 4 

mos. 

3 yra. 4 mofl. 

Probable Error 

2 yrs. 3 moa. 

2 yJ^s. 3 

mos. 

2 yrs. 3 mos. 

Coefficient of Varintlon 

34.4 

89.0 


S6.7 


In the summary by Anderson (I) lie has indicated that a number of 
investigators have commented on the decrease in the correlations of succes¬ 
sive measures with an initial measure. SummanxinE the studies by Honzilc 
and Bayley on normal children, he reports a strilcing decrease in correlations 
ns we move away from initial .status, and an equally striking increase as we 
move toward terminal status. We were interested in seeing whether our 
data Would show the same trend as found by Hon/.ik and Bayley. However, 
instead of having a fixed sample tested at fixed intcrvalSj our data consisted 
of varying numbers having several testings. Therefore, wc correlated the 
FQ on initia! testing and second testing for the closest relationship, and the 
IQ on the initial testing and terminal testing for the greatest span. 

These Correlations were .912 and .864, respectively, Since tivo-tliirds of 
the patients had only two testings, the latter correlation must perforce have 
been Very high. Wc would expect that had there truly been a greater lapse 
of time, the latter correlation Would have dropped more. Selecting out 
the 518 patients who had taken more than two tests, and correlating their 
initial and terminal IQ^s, the result was .76I» These results are in sub¬ 
stantial agreement with those found by previous investigators. In general, 
then, for our population wc may state that tlie greater tlie ijuerval between 
testings, the greater will be the loss in the reliability coefficient of the test. 

Comparing the reliability coefficient with those obtained by McNcmar, 
we found that the latter reports reliabilities ranging from .80 to .99 for 
the data on the 1937 Revision of the Binet, In general, the reliability 
is about .90, Our reliabilities range from .76 to .91. Since the standardiza¬ 
tion population was relatively normal the decrease In correlation for our 
group may be explained, in part, by the fact tlut wc liftve a jjopulation whose 
IQ is relatively less constant. 

The correlation between the initial IQ and the difference in IQ between 
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first and last tests for the 1,446 patients was obtained next. This was done 
in order to determine whetlier or not there is a relationship between the 
various IQ levels and the amount of change in IQ, This coefficient was 
—.19 and was not significant. Apparently as we go up or down in the IQ 
scale, in this sample, the degree of fluctuation of differences In IQ varies 
independently. While this correlation is not significant, the fact that it is 
in the negative direction would lend evidence to the hypothesis that loss 
in IQ would Increase as wc go down in the mental scale. It may be stated 
in another way. Normal children lose none, morons some, imbeciles still 
more, and idiots most. This would be the logical order. While our data 
only suggest such an order, there is no support for Kuhlmann*s findings 
indicating a reverse order. 

As the next step in the analysis of the 2,267 cases, a distribution was 
made of the differences in IQ*&. The classes of the frequency distribution 
include three IQ points, and the range of differences in IQ goes from a gain 
of 28 points to a loss of 40 points, It is apparent that the distribution 
roughly approximates a normal curve, with the hump (or mode) occurring 
on the negative side, 

Precise statistics based on these distributions are set forth in Tabic 6, 
For ail cases the mean difference was a drop of 2.6 points, while the median 
was a loss of 2.2 points. The average loss in IQ was 0.4 points greater 
for the group of cases with mental age less than three years. 

In addition to summary statistics for the entire distribution of differences 
in IQ there arc presented in Table 6, separate statistics for the positive 
and negative sections of the range. Out of the total of 2,267 cases, there 
were 183 for whom the IQ was identical on one test and the retest; 711 
showed some gain on tlic retest; -while 1,373 showed n loss upon retesting. 
For those who gained in /Q the mean was 4.7 points and the median was 
3.8 points. The average loss in IQ for all those with negative differences 
was even greater. The mean loss was 6.7 points and the median loss was 
5.5 points for the 1,373 cases whose 7(?’s were reduced upon retesting. 

The distribution of variation in IQ^ regardless of algebraic sign, also -was 
considered (but the data arc not shown in Table 6). The 2,267 cases were 
grouped in intervals of three points difference in IQ (gain or loss). The 
distribution presents wimt might be described roughly as a reverse /-shaped 
curve, with the big hump at a difference of three IQ points and a very 
gradual and steady decline out to a difference of 39 points. The mean 
variation in IQ was 5.4 points and the rtiedian was 4.3 points. 
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D. Summary 

From the simple statistics presented there is a clear indication that mental 
defectives do not maintain a constant IQ, but tend to decrease in mental 
level as they grow older. There were almost twice as many cases that lost 
in IQ as those which gained^ and the variation was relatively greater for 
the group which decreased in IQ. The mean loss was 2.6 points; 31 per 
cent had a gain in IQ while 61 per cent showed a loss. Reliability coeffi¬ 
cients show a tendency to decrease with increase of interval between testingSi 
Changes in IQ are not related definitely to level of intelligence within the 
group, but the average loss in IQ may be assumed as representative for the 
entire group of institutionalized mental defectives. 

E. Conclusions 

This study is in agreement with previous studies which indicate that 
the of mental defectives tend to decrease, As all of the subjects in 
this study were institutionalized defectives, no conclusion can be based upon 
the effect of institutionalization, since there Was no control group. The 
loss in IQ may be attributable to other factors. It is suggested that the 
variation in tile growth curve for defectives may be a factor which is opera¬ 
tive. Further studies showing the relationship between change in IQ and 
age at time of change, are desirable- Correlation between stability of IQ and 
length of institutionalization also is necessary. 
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THE PSYCHOLOGICAL FOLLOW-UP STUDY OF A CASE OF 

LEAD POISONING* 

Di’O'uioji of Psychiatry, Dffparlmetrt of Medicine, UiU'VcrJtiy of Chicago 


Anna. S. Eloken and Mary A. Onken^ 


One of t]]e cases of lead encephalopathy reported b}'^ Haver/icld, Bucy, 
and Elonen (2) in 1940 was that of a hoy whose fraternal twin had not 
suffered from the disease. Although tlje boj's are not identical twins, it was 
felt that the situation provided some degree of control for observation of 
the eficefcs of lead poisoning associated with an encephalopathy. The case 
was accordingly followed, and the present report reviews briefly physio¬ 
logical, neurological, and psychological findings to the present time. 

The history at that time revealed that the patient Roy and his fraternal 
twin Ray had both eaten painted plaster. The mother had administered 
castor oil which had been retained by Ray but vomited by the patient, Roy. 
Ray recovered but Roy was finally hospitalized after a six weeW period of 
illness ending in a clonic convulsion. 

At the time of admission, at the age of two years, the patient's head was 
enlarged and there was dilatation of the superficial scalp veins. Macewen*s 
sign was present and there was papilledema of 2-2j^ diopters. Pupils were 
equally dilated and reacted slowly to light through a small range. Nystag¬ 
mus was absent, conjugate movements of the eyes were not restricted and 
the remaining cranial nerves were normal. Abdominal reflexes were absent. 
Sensation and muscular strength and coordination were not impaired- The 
child had some difficulty in maintaining his balance on walking and sitting. 
After the operation (a suboccipital decompression) Jiad been performed, the 
papilledema gradually subsided and cerebrospinal fluid pressure returned to 
nomial. His optic discs remained possibly paler than those of his twin brother 
but visual acuity has been excellent. On February 28, 1946, the patient was 
again seen by Dr. Paul C. Bucy. The boy was then l3 years of age and pro¬ 
gressing well. The suboccipital wound was well Jiealed and the decompression 
was flat and filled in with bone. The patient's speech was normal and 

^Received In tlie Editorinl Office on September 12, 1946, 

’Tile writers fire indebted to Dr. Paul C. Ducy vf Chicago who oriflinally referred 
ihe case, who baa seen the patients again, and who has given us the physiological 
findings. 


187 



188 


JOURMAL OP GENETIC PSYCHOLOGY 


visual fields ivcre full. Visual acuity was good but there was definite 
bilateral optic atrophy with pale discs, large cups, and a large area of the 
lamina cribrosa visible. These changes were more marked on the leit side 
than on the right. The cranial nerves were otherwise normal. Sensation 
was everywhere intact and muscular strength, tone, and coordination were 
normal. The tendon reflexes in the upper extremities were rather sluggish, 
but equal, wliile those in the lower extremities were active and equal. 
Station and gait were normal. The only persisting physical abnontiality, 
the optic atrophy, is secondary to the papilledema which was present. The 
patient remains ncurologically normal with no evidence of any sequel to the 
initial disease. Ray’s physiological history is completely negative, 
Unfortunately no objective records are availai)le on the developmental rates 
of the two boys, and so the mother*s report must be relied upon. According 
to her report, teeth appeared at seven months in both of the boys, Ray sat 
up a month earlier than tlie patient. He also began to talk about a month 
earlier, for Ray's speech began at 12 months in contrast to the patient’s, 
which was at 13 months. There is some discrepancy in the mother's report 
on their wallcing. The earlier report stated that both boys wnliccti at 13 
months whereas later she reported the patient to have walked n month later 
than his twin, In general, slic did not recall any great differences between 
them even though, on the whole, the patient’s development was not quite 
up to that of his brother. However, according to this, the patient’s develop¬ 
ment is not at all retarded, for the appearance of the different stages of 
developnient are definitely within the normal limits. One, therefore, can 
be reasonably safe in assuming that before the plaster eating episode the 
patient’s development had been at least that of the average child. It is of 
interest that although Roy's, the patient's, functional development has appar¬ 
ently always been a little behind that of his twin brother, Ray, he is physically 
much larger. He is taller and heavier. His muscular development is greater 
and he is definitely stronger than his twin brother. 

On January 7, 1938, both boys were given a Revised Stanford-Binct, Rorm 
■ When the results are compared, it is found that patient obtained an IQ 
of 79 while his brother Ray earned a definitely higher rating with an IQ of 
98, Patient’s mental age was four years two months, which was exactly 
a year lower than that of Ray. The basal age for the patient was III-6 
years, a half-year below his brother's and his total range reached only to 
Year V, as compared with Ray’s upper limit at Year VI. 

In the patient's teat performance, auditory rote recall was poor. Instead 
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of conipleling analogies with a correct word, he merely repeated one of the 
words already given. There was also a slight tendency to perseveration, for 
he gave the same answer to two successive questions even though the ques¬ 
tions Were not related. In giving answers to problem situations, he showed 
a tendency to repeat learned information related to the subject matter, but 
did not adapt the information to the problem at hand. He demonstrated 
only slight comprehension of numhers, but like his brother he could count 
to three. When he was supposed to tell what was missing in certain 
mutilated pictures, he did not see details at all and merely gave the name of 
the object. In the same manner, his drawing was mere outline in compari¬ 
son with the great detail given by Ray. In addition the patient was unable 
to recall a bead chain design which was reproduced rather easily by his twin. 
The patient could not define terms at Year lV-6; whereas Ray not only 
defined words but also gave differences between terms at Year VL 

Observed behavior was also markedly different, for the patient, though 
friendly and cooperative, was rather passive in his manner. His sictiojis were 
slower and more deliberate than Ray's, and yet did not produce as certain 
results. It took twice as long to test the patient because his reactions were 
so much slower, and his speech was so indistinct that many of his answers 
Jiad to be repeated. His speech was, as a matter of fact, so difficult to under¬ 
stand that his mother had to act as interpreter for a number of his responses, 
He did not burst into a fluent flow of conversation as his brother did. It 
was interesting to note that the mother felt that the patient's missing teeth 
were chiefly responsible for his defective speech, for Ray still had all his 
baby teeth. This was felt to be part of her concern for the patient; she 
did not seem to be at all anxious about Ray- 

Ray's spontaneity and activity were in decided contrast to the patient's 
behavior. He was interested not only in the test but in everything else he 
saw, and related all the things he had done recently. It was also interesting 
to note how much detail was observed and commented upon throughout 
the test. In items involving comprehension he usually gave more than one 
solution. He adapted to new situations far more readily than the patient. 
In contrast one was much more aware of the patient’s lack of personality. 
When the twins were next seen, on August 9, 1939, they were given 
both the Revised Stanford-Biuet (£,) and the Arthur Perforinance Scale. 
At this time the patient obtained an IQ of 82 on the Stanford, mental 
age 5 years 7 months, as compared with Ray’s IQ of 106 and mental age 
of 7 years 3 months. 
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The patient's basal had been raised by a half-year in the 18 months' 
interval, and Ids ceiling now was Year VIL As before, there was marked 
difficulty with rote recall. The same pcrscvcnitivc tendencies were still noted; 
once started on giving a certain response, he would give that response on tlic 
successive items even though there was no siniihirity in the stimulus word 
or question. This was particularly true of the vocabulary words. Num¬ 
ber concepts had i^ot changed appreciably in the test interval. More details 
had crept into his drawings and also into his descriptions and recognition of 
pictures. 

The basal age established in Ray's examination was at Year lV-6, only 
six months above that of the earlier test, but the range now extended through 
Year XI, in marked contrast to the patient's limited performance. His 
vocabulary was at the Vl-ycar level. Like the patient, lie was weak in 
rote memory but the first failure in this type of test was a half-year higher 
than patient's. Although he failed the rote memory tasks at Years VII 
and VIII he was able to reverse four digits at Year IX, His recognition of 
absurdities began a sliadc lower than patient’s, but he continued tlie task 
through a much higher level. Hfs drawings tverc unusually clcnf'Ciit and 
exact in detail, Visual recall, which reached Year XI, was his best per¬ 
formance and was superior to his own planning of designs. His compre¬ 
hension of general situations was good and his recall of rctniing material 

excellent at the Vlll-ycar level. Number concepts were at Year VI. 

The range on the Arthur was as great for Ray as it had been on the 
Stanford, while the patient’s successes covered only two year levels. Ray 
worked more rapidly, profited by practice, and took in many more cues than 
did his brother, Probably the most interesting difference was shown in 
their attempts to work out the Kohs block designs, Althougli he used the 
right colors, the patient had difficulty in figuring out the shape of the square, 
for he first attempted to place the blocks in a row. After being shown 
how, he produced the right form but used only one color, Again he was 

corrected, and on the third attempt the square formation was conceived 

but all the reds were on one side and the blues on the other. At this stage 
he was able to perceive his error just ns the time limit was reached. Finally 
on the fourth trial the solid color of the pattern was correct and the riglit 
colors were used in the mixed part of the design, but were not correctly 
placed in the pattern. 

The patient’s speech was greatly improved by this time; it was much more 
readily understood, and no interpretation was necessary. JIc was con- 
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siderably more active than he had been previously and was far more spon¬ 
taneous. His reaction time still remained slow and his manner deliberate. 
In general, there was not a marked difference between the boys in their 
behavior, since the patient had become much more like Ray in his social 
adjustment. 

In June of 1944, the patient's IQ was 85 on the Revised Stanford-Binet 
(^)- His mental age was 10 years. Ray's rating at this time was IQ HR 
mental age 13 years. Their test ranges were, respectively, from Year VI 
through Year XIII and from Year IX through Average Adult. 


TABLE I 

Roy (the patient) Rny 


Memory and Keteniion 


Tn auditory recall, numbers through 
Year IX htit sentences faded at Year 

VIII. 

Visual recall adequate for bead chain 
at Year VI but not at Year Xflt; de¬ 
sign recall nt Year IX, 

Paragraph memory passed at Year X. 


In auditory recall, through the IX-yeai 
level, 

Visual recall, bead chain at Year XIII 
and all tasks below that level. 

Paragraph memory passed with the 
greatest of case at Year X, 


Language Usage 

Vocabulary, Year X. Vocabulary, Year XII, 

Abstract worda, Year XII. Abstract words. Year XIV. 


Kensaning 

Poorest reasoning In situations requir- Able to pass all types of reasoning 
Ing social intelligence; quite good in problems diroirgh the XlV-year level, 

problem solving and detecting absurdi- with the exception of Ingenuities, 
tics—this type of teat passed through 
Year XI; no evidence of abstract rea¬ 
soning seen, 

Gencralizaiion 


Managed to give similarities for three No difficulty with any items involving 
things flf Year XI; si/nilarides chosen gcncralhation up to the Average Adult 
were poor, howeverj and generalization level, 
inferior. 

Spa/ial Reiafiftnshlps 


Drew diamonds well. 

Design recall at Year IX, 

Binet paper-cutting* completely failed, 
and conception definitely unusual. 

Field searcij sliowed excellent organ¬ 
ization, was his best achievement. Able 
to interpret pictures as wholes through 
Year X, 


Recall of designs completely adequate 
although somewhat careless as to execu¬ 
tion. 

Binct paper-cutting* adequate at Year 
XITI; failed nt Superior Adult III, but 
no bizarre placement of line."? or cuts. 

Field search well organized, 

No difficulty in handling pictorial situa¬ 
tions through Year XIV. 


^Validation worked out in as yet unpublished manuscript. 
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The patient had a great deal oi difficulty with the definitions and had 
to use his hands a great deal to express himself, Frequently lie pcrfotmcil tlic 
act rather than defining it. Those tests requiring verbal manipulation which 
were about at his chronological age level were too hard for him, although 
Ray passed them easily. His speech, though improved, was still somewhat 
indistinct, and he had difficulty irt pronouncing consonants. His nails were 
bitten to the quick; however, he showed no particular signs of anxiety in the 
test situatfon. 

Ray was quick in expressing himself and was not at all sliyi while the 
patient's shyness wore off in the course of the test. Physically Ray was 
still much smaller and more active than his brother, and succeeded in im¬ 
pressing one with his mischievousness. 

The design and performance tests appealed particularly to the patient, 
even though Ray did them phenomenally well. The difference between their 
ratings was now far greater on the Arthur than on the Stanford, lor the 
patient's IQ had dropped six points, to 82, with n mental age of 9 years 8 
months, while Ray earned an IQ of 152 nnd n mental age of 17 years 9 
months, 

-The patient's best performance on the Arthur was in tlic Portcus mazes. 
He had the greatest difficulty with the Hcnly picture completion and the 
. Kohs block designs. The approach to the Kolis designs was again inter¬ 
esting. As before, patient tended to place the blocks in a line rather to 
form a square, Ray, on the other hand, had no difficulty with any ot 
these tests, and completed correctly 14 block designs to his twin's seven. 

On the Arthur Stencil Designs, patient's performance was markedly 
different frpm Ray's. Ray completed 18 of the designs and wns quite 
ingenious in his approach. Patient, on the other hand, finished only 11 
designs and had considerable difficulty in getting them correct. He had to 
go through a test in order to see whether it was right or wrong; if a single 
Item were missing, he would be unable to make the small correction, and 
would have to take the whole design apart and begin again. He tended 
to cover up the cut designs with whole cards, and to use colors that 
were not needed. Moreover, he did not recognize completed card combina¬ 
tions. Ray showfed none of this behavior. 

Patient's relative slowness and deliberate manner of response were also 
apparent on the Hunt-Minnesota Test for Organic Brain Damage (3). 
He likevi'ise made a great many more errors and in some instances was un¬ 
able to do the task at all. 
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I/i school the boys were placed fairly appropriately for their mental age 
levels, but neither was working as well as might have been expected. At 
that time the patient, with a mental age of 10, was in the fifth grade. 
His reading comprehension would have placed liim at a grade level of 3.3, 
and oral reading at 4.4» Arithmetical computation was similar for he earned 
a grade placement of 3.5. 

Ray, mental age 13 years, was m the seventh grade. His reading and 
arithmetic were better than the patient's but were still definitely poor. His 
silent reading comprehension approached the fifth grade level, and arithmeti¬ 
cal computation earned a grade placement of 5.2. Oral reading, however, 
reached only Grade 3.6. He did read aloud with more expression and 
better recall than did the patient. Both boys have continued to have reading 
difficulties. 

Thus, in summarising the test performances of the two boys, it would 
seem to us that the differences obtained on the various tests are greater 
than would have been expected from fraternal twins in general (2) and 
have tended to become greater with time. Neurological signs have dis' 
appeared, and at the present time the chief difference commented upon by 
the mother is that the patient is much slower than Ray, and has learned all 
motor activities more slowly. However, in spite of the fact that there 
are no definite neurological signs, the results on the tests seem to us to 
Indicate some persistent neurological damage in the patient. This is apparent 
in his tendencies toward perseveration, in the very extreme slowness of his 
reactions, and in other characteristics of performance frequently seen in 
patients with brain damage. One observes, for example, his inflexibility, poor 
abstract reasoning, and poor generalization. Perhaps most notable is the 
difficulty with spatial visualization which runs through all of the patient's 
tests, and which is quite absent from Ray's, He has marked difficulty with 
concepts of shape, position, and color division. The distorted visualization 
may be brought out most clearly in the unusual production of the paper- 
cutting designs. The resulting product is like that seen in neurological 
cases, as shown in some research done in our clinics. Such responses do 
not seem to be based upon a simple inherited difference in intellectual 
capacity, but may probably be attributed to damage resulting from the lead 
encephalopathy. 
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BEHAVIOR NOTES ON C. CONICA ; ORIENTATION AND 
INDIVIDUAL DIFFERENCES* 

Depntttrtent of Psychology^ Uaroinrd Unweysxiy 


P. L. Wells 


It is easily observed though little recognized, that spiders resting with 
the body vertical, normally rest with head downward. There is scarcely 
another generalization that can he so broadly sustained with regard to these 
creatures, but it is specially evident with the orhweavers. To an experimental 
attitude there naturally occurs the question of wliat liappciis if the orb is 
inverted. Does the spider preserve its orientation with respect to the orb, 
or in respect to gravity? Except with very young spiders, it is rare indeed 
to find orbs in the held with which trial of this can be made; in some of 
these at least, reorientation is very prompt, following the orb as it is slowly 
rotated, In otlier cases the spider may remain in position, but change its 
orientation after some minutes (cf. the spontaneous return of ajtreiniia 
after “shuttling"). Gravity is apparently the governing factor rather than 
anything intrinsic to the orb. 

In the pursuit of this inquiry there were brought to the writer^s house 
during May of 1938, several individuals of C. conica,^ of which the present 
note concerns two. They are here known as Cc42 and Cc43, these being 
their serial numbers among the coTiicas systematically observed during that 
year, one in which the species was notably abundant, Cc42 had been placed 
in a specially made cage, with the intent that she should build an orb there, 
which could be rotated as desired. This she declined to do and escaped 
from the cage, but was subsequently found to have built a neat supported 
in part by a lace window curtain, in part by a bridge-lamp and a bookcase. 
Cc43 liad been found in Hopkiiiton, Mass,, in an orb wholly supported by 
a single small branch and its radiating twigs. This branch was removed 
and the entire nest secured in a laboratory standard by a clamp permitting 
360"“ rotation. During the bulk of the present observations it was placed 
in close proximity to the nesz of Cc42. On June 4, Cc43 had relocated 

^Received in the Editorial Office on September 15, 1946, 

^For a brief account of tliis spcciea, cf. Comstock, J. H., The Spider Rook: (Re¬ 
vised and edited by W. J- Gertsch). New York: Doiiblcday Doran, 194D, Fp. 465- 
467 ,) 
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its web elsewhere on the same branch; on June 6 at 1:30 a.m. (all times 
here cited, E. S. T.) the spider had abandoned this location and was seen 
at the top of the window-curtain, but later disappeared. Cc42 made no 
change of locatioHj but was later released into a normal environment. 

The orientational observations were necessarily confined to Cc43. At the 
time of collection (in Hopkinton^ Mass.. 5-29-38) the creature was per¬ 
haps ^ grown. The supporting branch being cut, it was turned in the plane 
of the orb, and fixed at some 90“ to its original position. The spider showed 
restlessness, remained unorlcntcd for some two minutes, then left t)»c orb- 
centre and perched on a supporting twig, as they often do when disturbed. 
When the assembly reached Newton the spider was not found, but at 9:15 
the following morning the Web had heen rebuilt, with reoriented stabilimen- 
tum, the spider resting normally. At 1:02 P,M. tJie nest was inverted; the 
spider had made no move by 1:50. Various tuning fork stimulations were 
given, with no observed rcsponscj but at 1:55 she was found in normal 
orientation, At 8;23 the nest was again inverted; reorientation though not 
immediate was relatively prompt, having been accomplished at 8:35. There 
had again been failure of response to tuning fork stimulation, possibly a func' 
tion of unusually low temperature at this time, At 7 lOO p.m. the next day 
the nest was brought indoors, near to that of Cc42, It was again inverted 
the following day at 4i59 P.M. reorientation being observed at 6:15; again 
inverted there was no reorientation at 6;22, but it had occurred by 6:35. 
Reinverted, there had been no change at 7:15, At this time a vibrating 
fork being touched to the periphery of the web the spider made the usual 
seeking movement, and on return assumed reoriented position. Again in¬ 
verted, normal orientation to gravity was resumed between 8:51 and 9:10. 
June 3, 7:50 p.M., the nest was turned through 90", with no response. At 
8:12 tuning fork stimulation as above, brought return to normal orientationj 
this time at right angles to the stabilimentum, which is now parallel to the 
suhstratunij instead of at right angles as normally. The nest was then 
returned to original position, bringing the spider’s axis once more to 90“ 
from the norrnal orientation. There was no change before 8:30, when the 
room was darkened for 15 minutes. At the end of this period the spider had 
begun rebuilding the nest, half the old structure being down. In addition to 
slow orientation observed, it is suggested that if any disturbance causes the 
spider to leave station while abnormally oriented, normal orientation will be 
resumed on return. 

On June 5, beginning at 7 ;50 a.M., there was attempted systernatic com- 
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pai-ison of Cc42 and Cc43 in respect to response to a vibrating element 
approximated to the spider’s dorsum, while m normal rest at or -centre. 
The elements used were tuning forks of vibration rates 320 (large sized), 
256 (medium), and 440 (small); also an electrically operated buzzer mak¬ 
ing far more noise, but of much slower rate. In tabulating the responses 
below, the forks are denoted by their vibration rates, the buzzer by E, 
Typical orb-weavers’ responses to this type of stimulation have already 
been described (cf, Ps^he, 1936, 13, 10-13). In dealing with the small 
and frail Cyrfarnr the pattern of "seizing” had to be avoided, to obviate 
injury to the creature in detaching her from the fork, The category of 
"search” is substituted, denoting a seeking movement of the spider reactive 
to a vibratory stimulus, which causes her to leave the normal station at 
orb-eenter. It is normally to be looked on as a -constructive seizure, lo 
classify as "spread” or "reach," two legs at least, normally the hmd pair, 
must remain in the normal resting position. The order in whieh the stimu i 
were given was reversed at each cycle of stimulation; the responses listed m 

Table 1. 


Cc42 


Time 

B 

320 

7:50 

0 

spread 

S:50 

shake 

shake 

9:25 

0 

shake 

U:25 

spread 

shake 

shake 

12:25 

shake 

shake 

1:25 

0 

shake 

search 

2:30 

0 

shake 

3:40 

0 

shake 

4i35 

0 

shake 

5145 

spread 

shake 

6:55 

0 

shrike 

8;15 

0 

shake 


table 1 


Cc« 


256 

440 

E 

320 

256 

440 

shake 

shake 

shake 

shake 

shake 

shake 

shake 

shake 

0 

spread 

spread 

0 

search 

shake 

spread 

search 

search 

? 

spread 

search 

search 

shake 

spread 

drop 

shake 

shake 

shake 

shake 

0 

0 

spread 

search 

search 

shake 

search 

spread 

shake 

search 

shake 

shake 

shake 

shake 

0 

0 

search 

shake 

search 

shake 

spread 

search 

search 

shake 

shake 

shake 

shake 

shake 

shake 

shake 

shake 

shake 

0 

0 

0 

0 

search 

search 

search 

search 

search 

search 

search 

search 

shift 

search 

search 

search 


In general may be noted the ineffectiveness of the buzzer. On the other 
hand, the essential similarity of the fork-reactions is despi he 

disnaritics in pitch and volume.. The dominant pattern m Cc42 is shake, in 
Cc43 search, Search is an aggressive response, shake a defensive 
nosed to have a function of frightening the intruder by a show of mig . 
an archetype ef "bluff." The (for this species) characteristic (light reaction 
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of ''dropping" is pfRctic.-iny absent; this can be nttrihiitcd ojily to tlic ab¬ 
normal indoor conditions. 

Oil five other days there was, normally, a routine of observations utilizing 
the buzzer and a vibratine fork, successively approximatiiiK (fl) the spider's 
cJorsuin, as above; (b) tlic venter, with web between; (c) toiiclied to the 
periphery of the orb. This cycle of stiniiiU (with incidental additions) was 
given the first tiling in the morning, around 6:00 A.M., before raising a 
dark windowshade; again an hour or more later, with daylight streaming in; 
again after dark with normal electric light. The buzzer was uniformly 
ineffective as a stimulus, as above, and is not included in the tabulation; 
neither are the variously pitched forks employed, sufficiently distinguished to 
make it relevant to separate them* In the field, the above tuning fork 
stimuli show with this species a characteristic diurnal varintian nf the 
response pattern, which is largely obscured in the present artificial sur¬ 
roundings, The responses arc somewhat shifted towards the nocturnal type, 
and distributed as in Table 2. 


TABLE 2 



Periphery 

Cg+2 

Dorsum 

Venter 

Periphery 

Cc43 

Dorsum 

Venter 

Search 

LS 

2 

0 

18 

') 

4 

Spread 

0 

0 

0 

0 

4 

0 

Shake 

1 

22 

16 

0 

9 

7 

Drop 

0 

7 

0 

0 

2 

3 

Other 

0 

0 

0 

0 

2 

3 

Imperceptible 

0 

« 0 

0 

2 

2 

3 

(Total '^combined' 

') I 

4 

' 0 

0 

7 

3 


When the fork touches the web the search pattern is uniform here, as it 
is generally. In the dorsum and venter stimulations the preference of Cc42 
for the shake response is again evident, the search pattern being nearly 
absent. In Cc43 the search pattern is relatively pronounced, and there is 
a greater variation in the response patterns as a whole. Among the ^‘others" 
of Cc43 are three shuttlings; a pattern little observed outside /I. anrnntia, 
The excess of "imperceptibles’* in Cc43 would denote a lesser irritability, 
despite a greater variability. The "combined” responses denote eases where 
for example an initial shake would be followed by a spread, a scajcli, or a 
drop. These are listed separately in Table 2; they arc some twice as 
frequent in Cc43. 

Two other behavior aspects may be compared, concerning feeding patten^s 
and nest building, As regards the feeding pattern, the critical points are 
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whcthcf tile food is approached promptly and spontaneously, or located by 
a tuning fork) what is the succession of biting and wrapping; where is the 
food eaten. The general situation is too abnormal for a criterion of field 
behavior) and is relevant only to dlfierential response in these particular 
Individuals. No difference in their feeding patterns could be made out; it 
was rare that the food was approached promptly and spontaneously, but this 
may result from its being already killed, thus not agitating the web, Addi’ 
tionnl relevance is thus lent to a uniform occurrence of biting before wrap¬ 
pings There is a suggestion that a food insect so crushed that viscera are 
extruded, is less likely to be wrapped; occasionally the food was too heavy 
and bulky to be carried to orb-ccnter, and it was naturally consumed at the 
point of capture. 

During the periods of observation, seven new webs were built by Cc42, 
six by Cc43, the latter rebuilding about twice as often. The web of 
C, cQuica is normally marked by a stabilimentum consisting of a vertical line 
of insect skeletoiiSj odds and ends that fall into the web, globular masses 
apparently the silk of old webs, etc. Usually the greater or entire length 
of the stabilimentum is below orb-centre, where the spider rests. This was 
the case with all but one of Cc42‘s constructions, ivith only two of Cc43's; 
in the other four the stabilimentum was wholly above orb-centre. 

Thus, with respect to experimental stimulations, Cc43 showed a response- 
pattern habitually mote variable and outgoing than Cc42; in nest-building 
there was similar departure from normal design, and an exploratory tendency 
that led to the creature’s disappearance. These differences appear organismic 
in character, and their basis cannot well be other than innate. Among arthro¬ 
pods at least, one may without benefit of conditioning, be 

“Either a little Liberal—Or else a little Conseivatyve.” 

13 Holyoke Street 
Ctfjvbridfje, Massnchusetls 
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A BEHAVIORIST EXPLANATION OF CONCEPT FORMATION* 

InsliM/: far Resenrrh i,; Clinical and Child Psjiclialogy, TIuntcr GalUge 


Livingston Wblch 


A. Introduction 

One of the greatest challenges that has even been made to the Behavionst 
is the demand for an explanation of abstract concepts in terms of stimulus 
and response. Obviously, this is impossible and therefore, Watson lan Be¬ 
haviorism suffered unquestionable defeat. Today, however, the challenge 
of explaining abstract concepts can be met by a Behavionst such as fin , 
whose basic formula differs from that of Watson in two important respects. 
Hull, following in the tradition of Pavlov, deals with the stimulus as a 
pattern or configuration (2). Moreover, he makes use of J'^^lovian 
concept of cortical trace. In Hull’s system this is known as an afferent dis¬ 
charge " Present day Behaviorism can explain the formation and use o 
abstract concepts, if it considers them as derivatives of higlier forms of 
generalization and makes use of a formula such as: 

Stimulus configuration ^ Brain trace or afferent discharge —» Response. 

No one has ever seen a brain trace or an afferent discharge; stdl, its ex¬ 
istence has been postulated by William James (1), Pavlov (5), Hull 1). 
and Kohler (3). This is really not a daring postulate, if we refrain fro 
imagining its physiological structure. As I shall use tlus - 

trace will mean simply this. When an organism is aflected by a t.mulu 
compound so that It can be said to remember or recall AT, some change 
the organism’s nervous system is responsible for this accornphshment. Tl e 
organ! after it perceived X is different from what it was b ore 
it perceived X, and such a difference seems to be essentially 
The neurological change, like the stimulus configuration, is ^ 

frgural, When we speak of a configuration, we refer not only to parts 

a whole, but also to their interrelations. 

II olKn 1..PPC„. tl,.l w. tocciv, . cmpomid «»'■ k"* > 

. „d i 0, t mi P. F.r ™«.P1.. . n,.Bh P™™ » — " 
tlio Strcpl u,d .t the time noSee emong ethet thins,, her brown hen. Hw 
It. Top! however, he nt.y rcenl. men, detail, of tbl. o«nponnd, 


^Reedved in tUc Editorial Office an October 24, 1946. 

ZOl 
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but iorget the color of her hair. The stimulus compound is a confiKiiration 
of related cbracteristics of objects in the externa) world nnd the brain 
trace is the neurological counterpart of the stimulus compniind, in so far as 
the latter is the cause of the former, 

The entire brain trace configuration may fade or disappear, or several 
or many of its elements or all but one. Hcncc^ tlic estiihlfshiiuint or revival 
of that part of a brain trace configuration which corresponds to one char¬ 
acteristic of an object (c.g., pinkness), or to an integrated group of char¬ 
acteristics common to a certain class of objects, constitutes the basis of an 
abstract concept. 

In order to avoid confusion it will be necessary to begin by explaining in 
detail what is meant by an abstract concept. 

H. The Meaning of Abstractness 

I shall describe a concrete impression or idea as one wbicli refers to this 
or that specific pointablc person, place, or thing. When we speak of this 
man, or the red color of this box, we arc referring to a concrete entity in 
each case. On the other hand, when we talk of red boxes, we arc referring 
to a class of objects and when we discuss the color red, or redness, we arc 
referring to a quality that is thought of without any particular rclntionship 
to any particular thing. The human organism, only after many years of 
growth and training, is capable of thinking accurately in terms of classes 
and of characteristics divorced from any person, place, or thing (c.g., redness, 
justice). This capacity is called "abstract thinking,'’ You can point at a 
member or the members of a class (i.c., at this or those cows), but you can¬ 
not point at the class itself (i.e., at the class of cows), Similarly, you can 
point at the red portion of a certain dress, but not at redness. The class 
of cows and redness do not exist in the perceivable world. These arc 
abstract concepts. 

There are varying degrees of abstractness. The more inclusive the class 
the more abstract the concept. The following examples are presented in 
their order of increasing abstractness; 

CONCRETG ADSTHACT 

This dog ColUe , . . dag . , . ontninl., , living snbiitiincc . , . iiiibsinnec 

This scarlet 

color Scarlet . . , red . , , color . . . quality 
We use the term hierarchy m referring to ench level of nbstrnctness, Let 
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US Eirrange one of the examples we have given in an order which permits 
each level of abstractness to be labeled. 


THE CONCEPT 

Substance 

Living substance 

Animal 

Doe 

Collie 

This dog 


LEVELS QV ABSTRACTNESS 

5 th lucTarcliy 
4tli hierarchy 
3rd hierarchy 
^nd hierarchy 
1st hierarchy 
Concftie or object level 


The above order extends from the object level to the 5th hierarchy, and 
is a logical order which proceeds from the concrete to levels of hicreasing 
abstractness. The logician is concerned with this order alone, but the psy¬ 
chologist must also consider another one—the developmental order in which 
these abstract concepts are learned. In the logical order^ the first class or 
concept of the 1st hierarchy is "collie,’* the concept of the 2nd hierarchy is 
"dog,” and that of the 3rd hierarchy is "animal.*’ 

The reason why these concepts follow in such an order Is because the first 
(e.g.j collie) Is included in the second (e,g., the class dog) which in turn is 
included in the third (e.g., the class aiumnl), etc. One class is included in 
the other in such a manner by virtue of similarities. For example, though 
dogs and cats are dissimilar enough to be regarded as separate classes, they 
possess certain similarities which justify our thinking of them as one class— 
the class of animals. 

Tlic developmental order appears to be quite different. The child in 
learning a language may begin to use some of the words which arc found 
at the second or third hierarchy level in the logical order. Tins does not 
necessarily imply that the child is using second or third hierarchy concepts^ 
but rather that he is erroneously applying to concrete objects, a term used 
by the mature organism to designate classes at a higher level of abstractness. 
If the child has not grasped the fact that animals may be thought of as 
cats and as dogs, he will be using the class animal as a first hierarchy concept 
only. Unless he thinks of a class as including another class, he is not using 
a second hierarchy concept, and unless he thinks of a class which includes a 
class which in turn includes a class, he is not making use of a third hierarchy 
concept. 

If dog is his first class concept then dogs, cats, cows and horses, in fact, 
all four-legged animals will be regarded by him as members of this class, 
while as yet, he will be unable to divide this class into sub-classes, such 
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as the class oi dogs, cats, etc. Tlic child will have comparatively little diffi¬ 
culty in learning other hi hieranhy concepts such as cat- He may have 
greater difficulty, however, in learning that dogs and cats belong to the class 
of animals. The relationslnp between the class of animals and tlic classes 
of dogs and cats is wliat is known as n geniis-spccics relationship,^ It appears 
to be quite simple, but it is really very complex. The cliild docs not ujider- 
stand this relationship until he is aware of the fact that this tiling over here 
is a dog and that other thing over there is a cat and tliat both arc animals. 
To the undeveloped mind this seems to be a p.iradox or even a contradiction. 
If the child in his confusion could verbalize he might complain by saying: 

You call all of iheae thinga animals. That means they arc ihc 
eamei Tlien you turn around end cnll one n dog and finoiher a cat. 

That means they are different. Why don^t you make up your mintli 
^re they the same or are they different? 

The answer Is quite obvious ( They are the same in some respects and that 
is why we think of them as a class of animals; still, they are different in 
other respects and that Is why we think of them as dogs and cats. Things 
can be similar in some respects and different in others, but the task of con¬ 
sidering thcLT similarities one moment and their differences the next is 
much more difficult than considering the similarities without the differences. 
In other words, it is much simpler to think of things which arc eitltcr dogs 
or cats under all circumstances, and never members of a more inclusive 
class, animals. 

This genus-species relationship which involves both the similarities and 
the differences between objects makes it possible for us to construct the 
logical order we have discussed—that order in which we proceed from the 
concrete to levels of increasing abstractness. Let us see why this is true, 
In the logical order, we spoke of collie as a 1st hierarcliy concept and of 
dog as a 2nd liierarcliy concept. Now, dog is not a 2nd hierarchy conceptj 
unless it is thought of as having species such as the class of collics> terriers, 
setters, etc. The tst hierarchy concept is a class composed of this nicmbcr, 
that member, and the other member. The 2nd hierarchy concept is a class 
that is composed of this class, that class, and the other class. The 3rd 
hierarchy concept is a class composed of this class, that class, and the other 
class, each of which has its own species or subclasses. Unless you arc think¬ 
ing of the class of dops as a genus which has the species, collies, fox terriers, 

YThe class of animal is tlie genus which Includes llie classes dogs and cats which 
are the species. 
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grey-hounds, etc,, you are not entertaining a 2nd hierarchy concept. Un¬ 
less you are thinking of the class of animals, as a genus which has species 
such as dogs, cats, cows, etc,, each of which in turn, is a genus which has its 
own species, you are not entertaining a 3rd hierarchy concept. There are 
so many ways of classifying and sub-dividing that it is impossible to estab¬ 
lish any absolute luerarcliical order. The examples given so far are arbi¬ 
trary and presented as they have been for the purpose of illustration. 

The phrase "abstract concept,” at first sight, may strike the reader as 
being a little academic and far from the practical problems of psychology. 
This is not true, for even a moron is obliged to make use of some abstract 
concepts. If this same individual returns to the farm house after a visit to 
the barn and remarks "I fed the animnls and just now, BiU says the crops 
this year aint gain to be what they was,” he is at least thinking in terms 
of two 3rd hierarchy concepts —auimah and crops. This ignorant farmer’s 
boy not only knows the different classes of domestic animals, but also the 
species of each. He also can name the different types of crops (genus) and 
their species (e.g., crops include corn, etc.) and different sub-species (kinds 
of corn—^Yellow Bantam, Country Gentleman, etc.) 

As we have said before, there are two kinds of abstract concepts—those 
which represent the classes of objects and those which represent characteristics 
divorced from any object, such as color, justice, or number. The child is 
first obliged to learn this second type of abstract concept when he begins 
simple aritlimetic. His introduction to arithmetic involves a certain amount 
of weaning. Just as lie was once weaned from liquids to solids, he is now 
weaned from objects to abstract numerical quantities. Let us consider the 
stages of this slow process of learning, First, he is shown tliat two apples 
and two apples make four apples. At this stage he can be shown pictures of 
this little group of two apples which when put together wltli this other 
little group of apples make a large group of apples. The first little group is 
called two apples, the second little group is called two apples, and the large 
group is called four apples, 

The slowness of his comprehension will be made manifest when he is 
called upon to generalize. Show him that two apples and two apples make 
four apples and then ask him how many goats he would have, if he were 
given two goats and then another two goats. Do not be surprised if he 
answers "four apples.” The day will come, however, when lie can solve 
this problem. As his arithmetical weaning continues, he will arrive at the 
stage which docs not require the presence of apples or goats. He now can 



206 


JOURI^AL Of* GBNJITIC PSYCJIOl,OOV 


find the sum of three and three by substituting liis own finger in place of 
apples. When, eventually, he is completely weaned from objects he will 
he able to tlifnlc of tJircc and three as making the siun of six without Ijaving 
in mind, apples, goats, or even fingers. The lumicrical concepts, three and 
six, have thus become fully independent. Tlicy exist in this child's mind 
ns entities s(fparated and divorced from any specific oliject. Tin's is truly 
a dramatic moment in the development of any human being, for he is now 
able to think of a characteristie in nature which he lins never perceived nor 
will ever be able to perceive in isolation—an achievement which belongs 
only to the human racc.^ As he gains further knowledge of the various 
relationships of quantity, or in other words learns more arithmetic, lie will 
come into more of his inheritance of humsin power, which include all of those 
achievenrents for wliich arithmetic and mathematics are essential. 

One of the most important distinctions between simple and complex learn¬ 
ing situations is that the former involve only impressions of specific objects 
or class concepts of a low order of abstractness (i.c., concepts of the ht or 
2nd hierarchy), while the latter involve concepts of a high order of ab¬ 
stractness. Before we are prepared, however, to discuss tills distinction^ we 
must study in detail how these abstract concepts arc learned and examine 
the nature of their respective brain traces. I'his last point is particularly 
important, for in the past it was believed that even if the actual perception 
of a CQW Of a group of cows could establish a trace in the brain, certainly, 
the class of cows or the number 10 could not llave a corresponding neuro¬ 
logical change, since these entities, by themselves have not been perceived, 
If abstract concepts had no physiological counterparts, (i.c., brain traces) 
then there would be a sharp dichotomy between neurological activity and our 
abstract thinking, This would farce us to abandon all hope of explaining, 
in scientific terms, how we learn abstract concepts, or to consider such 
learning as, partially dependent at least, on the function of the brain. The 
existence of the brain trace is an hypothesis and not a fact; still it is an 
hypothesis which is compatible with physiological inquiry. 

C. Learning the Symbol of a First Hierarchy Oujfct Class 

Concept 

In a study made by Welch (7) it was found that the child in )iis early 

^ It 15 tfUt iliflt an animtil aucli as a rat may generalize. This might seciu to 
indicate a knowledge of abstract concepts such iis “iriangulnriiy," but no one lias 
produced any evidence that these rodents Can tjiinfc of this particular diaractcrisLic 
(triangularity) divorced from a particular object. 
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years makes wide gencralizatians. This was particularly obvious at the lin¬ 
guistic level. As soon as he learns to associate a word symbol with one par- 
ticular object, tliis same symbol will become associated, by virtue of gen¬ 
eralization, witli objects that are only remotely similar to the original object. 
Here is the foundation of a class concept. The word ^'chair” has become 
associated iii a child’s mind with a particular chair. The child has been 
trained to toiicli a certain chair every time the word "chair" is spoken, As 
a result, you have only to mention the word chair once and now the child 
runs over and touches it. If the child is brought into another room that 
has a rocking chair or even a stool, he will respond to the signal "chair" by 
touching the rocking chair or stool, because of their similarity-to the original 
chair in the training situation. 

The child thus indicates his understanding of the existence of the siini- 
larities between these objects which makes it possible to refer to all of them 
as "chair," He certainly will not be able to tell you whj^ he associates the 
symbol with these objects that differ in so many respects. He has perceived 
certain elements common to all of them, but in the beginning of his lin¬ 
guistic development be has no way of analyzing these characteristics. Many 
years later, after he has learned a number of classes and classes within 
classes^ he will become aware of the fact that he first associated the word 
chair with many different pieces of furniture, because they had four legs 
and were used to sit upon. He used classes long before he knew what 
classes were or why he used them. This fact reminds one of a poem 
written by George Santayana that begins thought before I learned to 
thill kj that bread and wine were food and drink." We have to do a great 
deal of thinking before we ^^learn to ihhik^^ because "learning to think" 
means attempting to discover why and how we tJiink or learning ways and 
means of thinking more efficiently. 

The problem of learning to associate one symbol with a class of objects 
is not very different from that of learning to associate two or more symbols 
with that same class. In a study made by Welch (6) with subjects ranging 
in age from 17 to 20 months, it required the same number of repetitions In 
order to associate each of two symbols with the same objects in the minds 
of his subjects. Being given two symbols for the same object did not confuse 
tiicm or slow up their learning. They learned the two symbols in the same 
length of time it took them to learn one symbol for one object. We know 
of one child of two and a half years of age who had six different nicknames. 
Not only did she understand that all six applied to her, but she could explain 
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thut her father called her the first, her mother called lier the second, her 
grandfather called Jief the thjrd, etc, 

Tliere is quite a difference between associating two symbols with the same 
class (c.&, 'Mog," ’'bowbow** to the class of dogs) and associating one sym¬ 
bol to one class, a second symbol to another clnss, and a third symbol to 
both classes (e.g., dogs, cats, and animals), In the first case wc are deal¬ 
ing with synonyms, while in the second case wc are dealing with the rclatioiv 
ship of a genus to its species. The child can learn synoniws long before 
he can understand the relationship between a genus and its species. 

D, Learning a Second T-Iierarchy Concept 

How can we explain the structures of the brain traces corresponding to 
the class of animals and its species, dogs, cats, etc? The answer assumes 
a complexity in the structure of brain traces which may seem difficult to 
believe. If, however, our learning of class concepts involves any neuro¬ 
logical changes, what eight have we to assume that they must be simple? 
If the nervous system has nothing to do with such learning, why is (t not 
independent of the developinent of the neurones and why should any injury 
to brain tissue affect It? 

When Che child learns to associate the symbol "dog" with the class of 
dogs, the stimulus compound involves not only the visual stimuli representing 
the appearance of the dog, but also the auditory stimulus, the word "dog." 
This learning, therefore, can bp explained in terms ^of the adequate estab¬ 
lishment of a brain trace whose elements correspond to the stimulus com- 
ppund consisting of the appearance of a dog or dogs and the sound "dog.” 
This brain trace must be of sufHcicnt strength so that when the stimulus 
compound consisting of the sound "dog” alone is presented to the child, 
it will'revive some or many of the elements of the brain trace representing 
the characteristics of the dog or dogs. In this very same way, the child 
learns to associate the symbol "cat” with tile class of cats. 

Now the symbol "dog” will not revive a clear, specific image in his mind 
as would the word "Fido,” the name of Iiis own pet. "Fido" has become 
associated with the visual characteristics of one specific dog’s tail and one 
gpedfic dog’s bead. The symbol "dog," however, has become associated 
with many difierent types of canine tails and many different types of 
canine heads, Hence, this symbol cannot revive a specific image. You 
may be able to draw a picture of your own dog from memory, but try and 
draw one of the class of dogs. Tins is impossible. You can only draw a 
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picti]re of that which you can perceive. The best you can do is to draw 
a picture of one viember af a class, since a class cannot be perceived. The 
term "class*' refers to a group of characteristics common to things which we 
can perceive. We can associate, however, symbols with these characteristics 
common to a group of perceivable objects. Just as the name "Fido” be¬ 
comes associated with one specific image, so too, the word "dog" becomes 
associated with those characteristics common to all dogs, 

So far we have discussed how wc learn to associate a symbol with the 
image of one specific object and a symbol with the characteristics common 
to all objects of this class. In the first case we were dealing with a concrete 
object and in the second case with a Ist hierarchy concept or class. When 
we proceed to the learning of a second hierarchy concept we find that the 
process is the same. Just as the symbol of a 1st hierarchy concept becomes 
associated with the characteristics common to certain specific concrete oh)ecis, 
so too^ the symbol of a 2nd hierarchy concept becomes associated with the 
characteristics common to certain classes. Obviously, as we proceed to 4th, 
5th, 6th, etc., hierarchy concepts the characteristics common to the classes 
involved become fewer each time. The most inclusive class has the fewest 
characteristics common to its species. 

Let us return to the subject of the 2nd hierarchy concept. What would 
be a proof that a child had learned a 2nd hierarchy concept, such as animal? 
A child has not really learned the 2nd hierarchy concept animal at the 
linguistic level, until he is able to associate the word symbol "animal” with 
a specific animal in a group which contains entities which are not animals. 
In addition he must be able to associate the word symbol of a species of 
animal (c.g., "dog") with a member of this species in a group which con¬ 
tains members of several different types of animal species (i.e., a group 
which contains a dog, a cat, a cow, etc.). Unless the child is able to make 
this second identification, he is using the concept animal as a lat hierarchy 
concept. No one can use a concept, as if it belonged to the 2nd hierarchy, 
ujilcss he has learned its species as well. 

la Figure 1 an or}ei'-smpl\fied diagram is given of the structures of the 
traces representing the concepts, cats, dogs, and animals, In order to make it 
easy for the reader to understand We have not used more than three char¬ 
acteristics for each object. 

The mulhoT^ Himnlns compomA does not remve the trace of one 

stimiilns compound^ hut it revives the elemeuis of many h^aces of many 
different kinds of dogs of all shapes^ sizes, mid colors. The auditory stimu- 
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(Elements of brain trace conEgurations entering new coitiblnaiinna undergo cKangcs. 
This is neurologically conceivable. See Hull (2) on tli« subject of iicUrnl intcrnciion.) 

lus compound “Fido” revives the trace which corresponds to a stimulus 
compound which includes the auditory stimulus '‘Flclo" together with the 
visual, tactile, and auditory characteristics of a particular dog. TJic ele¬ 
ments oi these traces which this stimulus compound revives arc elements 
common to all of these traces. The class concept dog is a configuration of 
these elcmentSj a revivable totality which at the linguistic level indudES 
that element which corresponds to its symbol (i.e., "dog'*). The stimulus 
compound "cat" revives those elements common to many traces of many 
different kinds of cats. Many of the elements of the trace which represents 
the class of dogs are common to the trace which represents the class of catSi 
The stimulus compound "cat/* however, does not revive tUc trace that repre- 
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scuts the class of dogs, because of those elements common to dogs that are 
not common to cats. 

At this point the 2nd hierarchy concept comes upon the scene. e 
stimulus compound "animal” revives the elements of many traces of many 
different classes of animals. Tlie elements of these traces which the stimulus 
compound "animal” revives are elements common to all of these traces 

representing classes. 

The bottom diagram in Figure I is a logical representation of the order 
of classes which is somewhat misleading but helpful from the point of view 
of simplicity, The square representing the class of animals, from the logicians 
standpoint should include all of the two circles, representing the species dog 
and cat and have plenty of spaces for other species. We have drawn this 
diagram differently so as to indicate that the stimulus compound dog will 
more readily revive the trace dog, than the trace animal, and that the strniu- 
lus compound "animal" will more readily revive the trace animal than the 

trace dog. 


E. Experiments Concerning the Learning op Odject Class Concepts 

Obviously, it is more difficult to learn a 2nd hierarchy concept than a 
1st hierarchy concept and still more difficult to learn a 3rd hierarchy con¬ 
cept. But when, may we ask, can this type of abstract knowledge be taught^ 
Unfortunately, the data on this subject are somewhat 
(6) gave an identification and questionnaire test to 93 children g 

1 e from 21 to 72 months. In the first part of the test, these subjects 
were requited to identify specific objects such as an apple, a man, a shoe e . 
When this was done they were called upon to identify classes of the 1st 
hier'chy, such as the class of fruits, the class of people, the class of clothe , 
etc This was accomplished by telling the child to put only the fruit 
here in the corner" He was not given credit for knowledge of tins class 
nl S aB of the fruits Were included and all of the non-fru.ts were ex- 
I d L tly h was called upon to identify classes of the 2nd hierarchy. 

“ita..W.. e™ edit for tawWge of .«• »™opt of ,l,o fi-t 

hierarchy. 
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FIGURE 2 
(From Welch, 7) 


In ordcT to make tv perfect score on this test the child hiul to identify 21 
1st hierarchy concepts and three 2nd hierarchy concepts, In Figure 2 we 
have presented n graph of the identification of 1st liicrnrchy concepts, 
None of the children below 34 months identified any of the 2nd (lierntchy 
,concepts and only three out of 10 between the ages of 65 nnd 72 months 
identified all three of tlicm. The greatest *n learning 1st hierarchy 
concepts as indicated by this test seems to be between the 34-39-month level 
and the 40-46-month level. It is at this period that Smith (6), McCnithy 
(4) and others have found the greatest gain in general vocabulary. In 
comparing this study in abstract vocabulary with those of general vocabulary, 
it is Interesting to note that the child of six years of age who has a general 
vocabulary of well over 2,000 words, probably docs not luulcrstand or use 
more than two dozen 2nd hierarchy concepts, Concepts of the third ami 
fourth hierarchy he does not usually grasp until the ninth or tenth year. 
This is significant when you stop to think of how many 2nd hierarchy 
concepts you use in your daily conversation and how difficult it would be 
to express yourself without them. In college the main structure of knowledge 
in ,such subjects as minerology, or botany consists of hierarchical systems of 
at least five or six levels. 

In another study by Welch (8) an attempt was made to determine 
the readiness with which young children learned concepts of different levels 
of abstractness. Artificial concepts were used in training tlicin so that one 
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child by prior teaching would not have an advantage of another. Sixty-four 
subjects from 36 months to 18 years of age were taught to associate letters 
with the blocks found in Pigure 82. Observe that "M" is the class 
name for the blocks J and 5. A' the class name for the blocks 
C and Fj T the class name for the blocks ?I and Kj and Q is the 
class name for the blocks 0 and L. R, X. T, and Q are all 1st hi^er- 
archy concepts. W and Z are the names of 2nd hierarchy concepts, while 
J Is the name of the one and only Srd hierarchy concept. When some of 
these children learned to identify correctly the R and X classes and their 
respective members (i.e„ A, B, and C. F) and were then trained to identify 
the JV class, this additional training either completely confused them, so that 
they could not make any correct identifications, or else they treated W U 
2nd hierarcliy concept) as though it were a 1st hierarchy concept. In other 
words they telescoped the entire 2nd hierarchy structure down to the 1st 
hierarchy level When asked for the 2nd hierarchy class W, they picked 
up the blocks, A, B,G, and F which was correct. They picked up the 
correct individual block each time its name was mentioned. But they re¬ 
sponded to the command “pick up R or pick up XJ' as if both of these were 

synonyms for W. That is to say, every time ^ 

nicked up all of the blocks. This gives us some indication of the difficulties 

which the child experiences in learning to mount 

increasing degrees of abstraction. It illustrates two of the types of failure 
he may make in his pursuit (i.e., becoming completely confused with all 
that he has previously learned before and telescoping a higher structure 

a lower level). 



figure 3 
(From Welch, 7) 
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F, Vertical and Horizontal CoNCKPTUAt, Development 

When wc were discussing the progression /torn the least inclusive to 
the most inclusive class (i-e., Collie—dog—Animal—Living Substance-^ 
Substances)* wc were referring to a vertical progression or development. 
Conceptual thinking, liowevcr, involves another progression or development, 
the horizontal. Let us give an example of horizontal progression taken 
from our every day experiences. If wc hold before you a certain red 
rectangular object and ask you what it is, you will call it a brick and 
explain that it is one of the many kinds of building material. This object 
belongs to the class of bricks (a 1st hierarchy concept) and the clas^i ol 
bricks along with the class of lumber, etc., belongs to the class of building 
material (a 2nd hierarchy concept). Such identification may be found in 
one situation and not in another. Suppose tlint wc turn to r riot situation 
where sticks and stone arc being hurled. It is perfectly correct to speak 
and to think of this same red object as a missile (a 1st hierarchy concept) 
which belongs to the class of weapons (a 2nd hierarchy concept). In a 
third situation your friend may tell you to put the door-stop in front of 
the door and when you look in the direction in which he is pointing you 
perceive that same reel rectangular object, which is one situation you called 
a brick and in another a missile. If this object [s a doorstop, then it must 
be thought of as n piece of furniture. Let us summarise this progression 
(Figure 4), 

End BiTOniei STd BnumoB 

gqaTOBB PiiTnlWy*. 

Mieaiui a ousi PocawoFS Qiair« 

FIGURE 4 

To what class does this red rectangular object belong. Is it a brick, 
a missile, or a doorstop? It may be any one of these things depending on 
the situation. At first this may appear very confusing, but realize that 
this IS the way in which you have been identifying many objects most of 
youT life and such horizontal progression or development is not confusing, 
but helpful and necessary. You would find it confusing and embarrassing 
if you were unable to make this progression. Do you remember the child 
of two and a half years of age who hud six names? The child not only 
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reafizeci that all six applied to her, but she also knew the six authors of 
each of these names. Similarly, you know three names for this red rectangu¬ 
lar object, and you also know the type of situation in which each of these 
three names or classes is applied. 

The child learned her six names before she was able to entertain a 2nd 
hierarchy concept. Horizontal development appears before vertical develop- 
mciU. This was shown by a study made by Welch and Long (9, 10). In 
this experiment two different types of training were given to a large group 
of children ranging in age from 66 to 83 months. One involved vertical and 
the ocher horizontal training. The material and the names of the class 
concepts used in tJie vertical training are presented in Figure 5. The ma¬ 
terial and names of the class concepts used In th& horizontal training are 



Vertical training 
eitnatlon. 


(Prom Welch, Long) 

( 10 ) 


FIGURE 5 


SDuBlar Cl| 




Siun Siiuoikfl (2^ 



DqIsk* Sitwliori (>| 



HorlEonkal 
tralnli^ 
■Ibua tlena 


(From 'i’’Blohi Long) 
( 10 ) 
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presented in Figure 6. The first is very similar to the vertical training 
in the Welch experiment (sec Figure 3). The second involves three situa¬ 
tions comparable to those which we discussed in connection with the red 
rectangular object, In this experimental training situation we Iiavc two 
objects, a cube and n block with six sides. The first situation is a bowling 
alley situation. Hcrcj the cube and block with six sides nre used ns ammuni¬ 
tion. A pin is inserted into both objects and they are sliot out of the gun 
so RS to knock down the tenpins. In this situation the cliilcl is taught that 
one of these blocks is a CEF and the other a GAH, while both arc XAT. 
(Such classification is similar to the following: Tliis is a brick, that is a 
piece of lumber, while both are building materials). The second situation 
is a drum beating situation. The two blocks are therefore given different 
names. The CEF is now a FEHj the GAH h a ZUM and instead of be¬ 
longing to the class of XAT, they belong to the class of KUH (just as 
the brick shifted from the class of building material to the class of weapons). 
The function of the block in the second situation is quite different from 
what it was in the first. Before the child beats the drum he sticks one block 
at a time on to the end of the drum-stick. Instead of being bullets, as 
they were formerlvi tliey arc drumstick tips. In the third sitiintion, these 
drumstick points become weiglits. When one or both arc placed on the 
tray found- to the right of the apporatus, the tray descends and causes the 
bell to ring. For the second time their individual names and class name 
have been changed. The FEH has become a QOB, the ZUM a MEQ, and 
the Class KUH has changed to the class YOF. The method of teaching 
the child the different names and classes in the horizontal situations was 
the ^ame as in the vertical situation. 

It was found that horizontal training was easier for the children than 
was the vertical, This is particularly interesting when you stop to consider 
that in the vertical situation the child has only seven concepts to learn, while 
in the horizontal he has nine. As you see, the quantitative difference is 
not as significant as the qualitative difference. Note, furthermore, that the 
child has only two levels to learn in the vertical test comparison with three 
different situations in the horizontal test. Not only this, but the equi¬ 
lateral triangle in the vertical situation never changes its name MEFj while 
in the horizontal situation the cube is given one name in one situation and 
another name in another situation. Learning a different name for the same 
object in three different situations is confusing, but not as difficult as lc!\rning 
the position of an object in a 2nd hierarchy structure. Three steps in the 
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horizontal directian (e.g., going from situations one to two to three) are 
easier than two steps in the vertical direction (i.e., proceeding up to the 2nd 
hierarchy from the concrete level). 

I he sta'iking difference in the difficulty of the various levels of vertical 
progression arc made apparent in this same experiment. "In a study of the 
vertical process, 13 children failed the 1st hierarchy test because they never 
correctly idciUificd the class concept, although 69 per cent of their identifica¬ 
tions of the species of the class concept were correct" (10). In simpler 
language, these children learned the names of the individual blocks almost 
immediately, When asked for the MEF they picked up the equilateral 
triangle and wlicn asked for TOF they picked up the isosceles triangle, but 
even after as many ns 40 corrections they showed no signs of having learned 
that tlie symbol VIC pertained to both, that VIC was the class of triangles 
and that tliey should therefore pick up both. 

The reasons for this difference in learning the name of a thing and learning 
the name of its class have already been explained. When you learn to asso¬ 
ciate the name FIDO with the visual appearance of your own dog, the 
sound has become integrated with a pattern of visual characteristics which 
could even he photographed. When, however, you learn to associate the 
word DOG with the class of dogs, this sound becomes associated with the 
elements common to all dogs (a configuration which could not be photo¬ 
graphed). This is a more difficult brain trace to establish. Similarly, 
learning the name of the equilateral triangle (i.e., MEF) is easier than 
learning the class name VIC. This class name must become associated with 
several or many elements common to two different brain traces corresponding 
to two different triangles. 

This type of learning, however, is only difficult for the child when species 
are involved. We have seen on many occasions, that when he has learned 
to associate a word with one object, this word by virtue of the process of 
generalization will become associated with objects that are only remotely 
similar to the original object. Let us observe the transition from this simple 
generalization to the stage at which a genus-species relationship is involved, 
We shall say that (ah) represents the characteristics of a dog, When the 
child learns the word "dog" this auditory stimulus becomes integrated with 
the characteristics (ai). 
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STIMULUS COMPOUND DRAIN TRACE 

"(log'’-(ab) the dog's charncteriatica eatabUahea-> ("DOG'LAfi] 

Whei] now he secs a cat which is somewhat similar to a dog in so far as it 
has four legs, moves, etc., the visual characteristics of the cat (fix) revive the 
brain trace (^'dog”-ad). This is an example of a very wide gcncralixation. 

STIMULUS COMPOUND DRAIN TRACE 

(ax) ---revives-> (“DOCV'-Ali) 

As the child’s training continues, he is taught that this second object is a 
cat:— 

STIMULUS COMPOUND DRAIN TRACE 

■'cat"‘(ax)-esUblishes -> ("CAT'’-AX) 

Hence, the stimulus compound (aa*) no longer revives the trace ("dog'^-aiO-j 
but instead the trace (^‘cat*'-Ax)t In the final stage of this learning, he must 
be taught to associate the word "animal’' with, at least, those characteristics 
common to dogs, cats, etc. We can express tliis learning in the following 
over-simplified manner:— 

STIMULUS CO.MPUUND 
"Animal" -- 


(ab'Bx) 

When the stimulus compound (rt.v) at first revived the brain trace ("dog”' 
ab), this stimulus compound revived the trace of a photographablc object, 
the original object which has become associated with the word "dogp” Such 
behavior is not too tar beyond the limits of mere faulty or careless percep¬ 
tion (i.e., mistaking the cat for a dog). When, however, the cliild has learned 
to associate correctly the symbol "animal” with the class animal, tliis sym¬ 
bol must be associated with that unphotographable configuration composed 
of common elements of many different animals. This type of behavior is 
very different from that involved in his first geneialiKation, where the stimu¬ 
lus compound (ax), the appearance of the cat, revived the brain trace 
( dog”-ab), It is not only different but obviously more difficult. The 
reasons for this additional difficulty we shall discuss presently. 


DRAIN TRACE 

-elicita --> (''AN1MAL"-A) 

(A) = die charncler- 
iatlca common to 
nil anirnaU 

- elicits -> ("animai"-a) 
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G. Learning Quality Concepts 

described the symbol of a 2nd hierarchy object class concept as being 
associated with a configuration composed of the comrnon elements of many 
different brain traces. The symbol of a quality concept is associated with a 
more restricted con/iguration composed of one specific quality or element 
common to many traces (c,g., elements corresponding to the stimulus char¬ 
acteristic scarlet) or a specific type of quality or clement common to many 
traces (e.g., elements corresponding to that stimulus characteristic red or 
the color of the object), This is a little'difficult to understand, or more 
precisely it is very easy to misunderstand. When you hear someone say 
"red” or "redness” you may think of a red patch or a red circle—still, the 
gnalily red is ?io/ a patch or a circle. Patches and circles are objects, not 
qualities. When you hear the word "animal,” you thinic of a pig, but 
the class animal is not a pig. A pig is but one member of this class. 

When you hear the word “red” this stimulus compound revives in your 
brain certain elements of different characteristics which correspond to differ¬ 
ent reds of different objects you have perceived. This revival may be ex¬ 
pressed as indicated in Figure 7, This particular stimulus compound, the 

ariMgiM oQtiMroD siuur ruiOBB __ 

12ClJtI£T -n a 

^ fCRniSOB, 

(CBIUBOH, 

FIGUKE 7 

word "red” revives a configuration which is composed of many such specific 
elements corresponding to the characteristics of different types of color 
that have been perceived in different stimulus compounds. To make it 
easier for the reader to understand, ive have crossed out all of the other 
elements, so that the different kinds of red stand out alone. The total 
configuration of the trace of the quality red is composed of all of these ele¬ 
ments together witli an element which corresponds to the auditory stimulus, 
the word "red,” 

It is impossible to have a mental picture of such a concept as red, for 
like the concept of a class of objects, // camoi be pictured. When the stimu¬ 
lus compound revives the brain trace elements corresponding to different 
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types of red, the result is not an image which is a blending of all of these 
shades of red* If yon consciously attempt to think of rqd or redness, no 
color comes to your mind, but images of red objects may immediately 
follow. Many other phenomena to which redness is related arc readily 
revived. The brain trace which represents the concept red or redness is of 
this Sort. Some psychologists might consider the revival of an abstract con¬ 
cept as an example of imagcless thought. The object class or the quality 
itself is imagcless, for the reasons already given, but when xvc revive such 
traces we may revive the Image of their respective symbols. When you hear 
the word animal, 3^11 may have jin image in your mind of the word "ani¬ 
mal" or when given the problem “How much is 6 X 6?" the image of the 
printed symbol 3d mtvy come to you. 

We have already seen tliat qualities can be divided into classes (e.g., 
Scarlet—Red—Color—Quality). Just as we learn to associate a symbol 
such as the word "red" with different types of red that we perceive, so too, 
we learn to associate the word "scarlet*^ with that characteristic common to 
many objects which arc scarlet. Here, the stimulus compound the word 
"scarlet" revives a configuration which is composed of many elements of 
different brain traces corresponding to the characteristic "scarlet" (which 
in turn is common to different stimulus compounds). Tin's configuration 
is a brain trace itself which, at the linguistic level, includes elements which 
cotfespond to the auditory stimulus "scarlet." The trace red only differs 
from the trace scarlet in so far as the former is a configuration of a greater 
variety of elements that have been combined from the traces of perceived 
objects (i.e., elements representing different kinds of red). 

In arithmetic and mathematics, the complexity of the traces that arc estab¬ 
lished and revised is far greater. Our arithmetical knowledge of the num¬ 
ber 4 which includes all that this symbol implies, must among other 
relationships include those indicated in Figure '8. Every one of these miin’ 

niwTLra jjQtgjotnro TBinK 



FIGURE 8 
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befs has its own particular tracci This is also true of each arithmetical 
S 3 'niboJ (e,g., x, -j etc.), T^hen you perceive the stimulus com¬ 

pound 4, it immediately revives the brain trace 4, When, however, you 
perceive the trace 1^096 divided 274^ this does iiof immediately revive 
the trace 4. It revives first the traces corresponding to the symbols, 1,096, 
divided by, and 274, respectively. Such a stimulus compound will elicit. 
the behavior (indicfited by the division symbol) of dividing one number into 
the other, The solution of this problem or the conclusion of this arithmetical 
behavior will be the revival of the brain trace representing the concept 4. 
The whole constitution of any numerical concept involves these intricate 
relationships. A child in first grade will not have in mind the trace corre¬ 
sponding to 4 that you are capable of reviving in your mind, unless 4 to him 
means 2 + 2, S — 1, 1,096 -i- 274, etc, If such stimulus compounds do 
not indirectly revive that quantity concept represented by the symbol 4, 
then either he has a very inadequate understanding of this concept or of the 
otlier numerical concepts represented in the above mentioned stimulus com* 
po\inds. In other words, their corresponding brnin traces have not been 
adequately established, or else they do not include a sufficient number of 
elements corresponding to all of the required nrithmeticn! relationships. 

H. Summary 

I have attempted to show that the establishment and use of abstract Ideas 
can be explained in Behavioristic terms. This is not possible, if wc start 

I 

with Watson's formula —Stimulus—^Response. It can be done, however, 
if wc make use of a formula such as Hull's which includes postulated brain 
traces and describes the stimulus as a configurntion. The stimulus is a con¬ 
figuration and it is hardly possible to account for the facts unless we assume 
that its effect, on the nervous system or the brain trace which it produces, is 
also coiifigural. Hence, each characteristic and relationship which goes to 
make up the stimulus compound or configuration, would then have its coun¬ 
terpart in the brain trace configuration, W^e must also assume that one or 
many elements of the brain trace configuration may fade or become extinct, 
while one or many persist in the sense that under certain conditions they 
may be revived. 

I have described two types of abstract phenomena—classes of things and 
qualities or characteristics divorced from any specific object (e,g,, redness)» 
Both types 1 have treated as derivatives of higher forms of generalization. 
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the transition from simple to complex forms of 

LEARNING* 
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Livingston Welch 


Introduction 

Instead of attempting to distinguish between reasoning and problem 
solving, we shall examine a scries of situations which will require brms of 
learning tllat increase in complexity. Textbook writers might describe some 
of these as problem solving situations and others as reasoning situations, 
but at times there are advantages to be gained by ignoring this dichotomy. 
Wc will begin with the principle that as we proceed from simple to more 
complex forms of learning, there are requited (fl) an increase m the effi¬ 
ciency of tlic iiilerac/wities of the following mental processes; perception, 
memory, recall, generalization, association, and the recombination of i eas; 
(b) a greater number'of these interactivities occurring simultaneously or 
consecutively and; (r) factors pertaining to conditioning, trial and error, 

iiisirjht, imitntionj n.iid practice. -LoII 

In analyzing a series of problems of increasing complexity we shall 

each inslLe Ldy the factors which pertain to both the environment and 
to the organism. The first (factors pertaining to the environmen ) 
cern the stimulus configurations of these learning situations. 

(factors pertaining to tlie organism), relate to the manner m 

eanism must respond to the learning situation. Let us first ^1“ ? 

fhe factors before analyzing the first of these learning situations (Figure 1). 

PaonL™s 1 AND 2; Thb iNCitBAsa in Complexity is in 

Terms of an Increase in Perceptual Difficulty 

..0. a,—^ 

rr:,... c„n,p.».d .1... 

actcristics are less object. 

In many learning or problem situations 
or part of an object emerge from the ground, If, m the subje 

♦Reccived in ihu liditoiial Office on October 24, 19+6- 
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THE TRAUSmOH PROH TIC SQIPLZR TO THE HlOlSn POfHfi 
OP lEABtcHg itfvoiyEa_ 


^ PACTfflfl DIRECTLY INIUlEWCIfO THE BBEHGEIICY 
j _OPTIC PIWBE FBO« THE aRflJNJ._ 


THE 

B?n>3nDH. 

UEHT 



A. WITH BP-PEREHCE TO TItR lAWS OF 

1, SlnilaritTi 2* proxlnlty^ contlnuLtj, 
4f li\almiVdnaB9i Si prARnAnz, 

2, Tho AiRAint of dabA 1 ti Ch) vLiuol field. 
a. WITH ItEFEnEKCE TO Tilg ffiDTik 

1, Threo dlmonaional BvatorLAl 
2j Pletorlol mitdrlal 

3i LantUQM 

1, Cons ro to ard obabfActi 
111 Hon AUbiguo\u ard DiDblguouAi 


S. THE COHDiriOH^ OP lEARitlHO A}D TIC TIUE 
E18MEHT. ____ 


Ai Conditioning! trial on] OTro*! Insight* 
praotico. Imitation. 




Tlno rB<iulrod and tho consoeutlvo stops 
noodedi 


3. TIC HUMBER AHD EFFICIBICY OP THE MEtlTAL 
PROCESSES REQdinEP, 

AI An inerosdo in tho ttttitlenoj of tho Intor* 
actlvltloe of tho nontol p'oeoasoo. 

B, K groator nuQbor of ttioso Intoraoblvltloo* 
occurring atmultonoDUflly or eonooeutlvoly. 

A, MoyJVATlOML FACTq?j _ 

FIGURE 1 

fields there ate many objects whicli arc very similar iji all respects, it will 
be difficult for the essential object to emerge from the ground^ or in other 
words be perceived. As the law of similarity stateSj these plienoinena, be¬ 
cause of thciT similar characteristics are more likely to emerge, as one single 
stimulus configuration, Therefore, in any learning situation which in¬ 
volves discrimination, the more similarity between the objects in the visual 
fields the more difficult will this discrimination be. 


THE 

OROAHlar 


< 


Frohlem 1 

In a study made by Welch (6) on a group of four children between 
the ages of 16 and 24 months, calibrated material was used to detect improve- 
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4A't4i' ffifSK' 

i/iA‘ ’“A" >fc|i|* 


s.A^* fcA' 


FIGURE 2 

mcnt in discriminatory performance (see Figure 2). During the training 
period, candy ms hidden under Box 1 and the child was taught to knock 
it over to obtain his reward. In the test, Box 1 was first placed along-side 
Box 9. The positions of the boxes were changed in random order from 
trial to trial. If the child succeeded 9 times out of 10 in choosing Box 1, 
he'was tested witli Box 1 and Box 8. The most difficult in this series was 
discriminating between Box 1 and Box 2. Obviously, learmug becomes 
more diffieult as ihe similariiy between the pairs of boxes increases. 

Problem 2 

In this same study a second scries of discrimination tests was run. The 
ubiects the same material, and criteria of success were usd. The 
second scries ’differed from the first only in the method of training prior 

InV^rblcm 1 the child was taught always to knock over Box 1. 

In Sul 2 he was induced to put his candy in either the arger or he 

smlr box, As soon as this was 

::::roVr::irhd:a a scm. .d . 

The results of both tests are given m lable i, 


Subjecta 


TABLE 1 
Problem 1 

Age in ^ Boxes 

montlis discriminated 


Age in 
months 


Prablein 2 

Boxea 

discriminated 

1-7 

1-5 

None 

None 
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as negative transference had some effect on their performance on tlie second 
test. That is to say, in the first problem they were taught always to knock 
over the small box, a habit which they carried over to the second problem. 
This was overcoinc, howcvcTi by discontinuing the first test and training 
thein for several months on the second test, 

As the results indicate, two of these children understood readily what 
was expected of them in Problem 2; still, one of these was not able to dis¬ 
criminate Box 1 from Box 6, while another was not able to discriminate 
Box 1 from Box 4, though these last two subjects bad been able to dis¬ 
criminate Box 1 from Box 2 in Problem 1. 

Let us analyze the mental processes required in both problems. We shall 
discuss in particular, perceiving and memorizing. In the training period 
of the first problem, the child learned to associate candy with the smallest 
box (i.c., to associate it always with Box 1). This situation was very much 
like an orthodox conditioning situation. The essential stimulus compound 
contained the visual characteristics of the cmidy mid fhe Box 1 ovcr'iiinted, 
During the training period, this stimulus compound Avas presented many 
times, restrengthening the integration or association between candy and the 
smallest box. During all of the trials of Problem 1 this integration was 
rescrengthened, both positively and negatively. When the cliild turned over 
the smallest box he received candy, and when he turned over another of the 
others he was not rewarded at all. 

In P7-oblem 2, the tax on his process of mcmorixhif/ was very much greatew 
The candy was not associated with one box alone. Sometimes it was in tile 
larger and sometimes it was in the smaller box. The integration or associa¬ 
tion betAVeen the appearance of candy and the box that contained it on any 
trial lasted for a period of no more than 20 seconds. It occurred at the 
time that the child placed Ids candy in the box and watched it roll around. 
On the next trial, however, he was obliged to place it in a Aijferent box. 
Instead of building up an association between candy and one bOx, as in the 
first problem, the child had to associate candy Avith two different boxes 
presented at random by the experimenter from trial to trial. 

A comparison of the results of Problems 1 and 2 show us that the mental 
processes of memorising and perceiving arc the most important to ob.scrve. 
When memorizing is strengthened by frequent repetitions of a stimulus 
compound that is the integration of the visual chai'/icterisiics of candy and 
the same Box 1 then the child is able to perceive very fine differences, as 
between Boxes 1 and 2. This occurred in Problem 1. On the dtlier hand, 
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when memorizing is not thus restrcngtlicned, then at best, the child is 
only able to perceive differences that arc much more obvious (c.g., the differ¬ 
ences between Boxes 1 and 7, or 2 and 5). This occurred in Problem 2. 

In both problems wc sec how the processes of perceiving' and memorizing 
(/f) must function simultaneously. Tb/~ouj^lioftt ths iv^Unhig ond test per/odsj 
ike subject must pcrcehe and meinorke and recall. The more the processes 
of memorkiug or rccolliug is toedj or the less that it Is restrengtliened, the 
less e0cie/it will be the process of perceiving (i.e., the subject will not be 
able to make such fine discriminations). 

In both problems, many elements of the, conditions of learning, condition¬ 
ing, and trial and error may be found. There is little to be gained, how¬ 
ever, by trying to estimate how much there is of one or how little there is 
of the otlier.^ 

PROnLGMS 3 AND 4 (INCREASE IN COMPLEXITY OF THE LEARNING SITUA¬ 
TION IS Explained in Terms of (.4) the Introduction of 
Linguistic Instructions and (P) an Increase 
IN Perceptual Difficulty) 

The next problems to be considered arc taken from a series of inductive 
reasoning tests constructed by Long and Welch (24). Problem 3 is the 
simplest in this series. Tlic subject is required to discover what kind of 
a block makes the lights of the apparatus (sec Figure 3) go on. A tele' 
phone plug is nttaclicd to each of the blocks, These plugs fit into liolcs or 
jacks, as they arc called. The plug of only one kind of a block in each of 
these tests makes the light go on. In Figure 85 a sample trial is given of 
the simplest of these tests. The plug of the camel block is inserted in the 
jack opposite the higher light bulb and the light goes on. The subject is 
now asked—*'which of the three blocks at the left will make the bottom 
light go on?'" Only the camel block will do this. The inference should 
be that, if in one instance the camel block made the light go on, it will make 
it go on in another. As the test proceeds, he will discover through trial and 
error that "whenever by accident lie chooses the same block that made the 
higlicr light go on, tliis type of block makes the lower light go on (Figure 4). 

Let us now compare Problem 2 with Problem 3. The latter is much 
more difficult. Problem 1 can be presented without verbal instructions. 
Here the cliild is in quest of candy which is shown to him- His appetite 

^Rccfilling 13 fliaa involved, but Its omission from tlie discussion makes our analysis 
cnaicr lo understand. 
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FIGURE 4 

A Sample Tbiai. of Problem 3 

tells him wliat to do without any verbal aid from the experimenter. In 
Problem 3 lie must have a sufficient knowledge of language to understand 
the quetsjon, "What will mahe this light (pointing to the lower one) go 
on?'^ or tile instructions, ^^Choose the block that will make this light go on." 
This word "make" is a symbol of the abstract concept "cause." In more 
formal language, the instructions would be, “What is the cause of tlie light?", 
or "What block caused the light to go on?” 

Tile perceptual difficulty in Problem 3 is somewhat different in nature 
than that in Problem 2. In Problem 2 the child was obliged to establish 
an adequately strong trace which corresponded to the stimulus compound 
composed of tile visual characteristics of cand^ and the box in zujiich he placed 
the candy^ so that the sight of the box alone would revive the trace of this 
box and the candy. In Problem 3, the child is obliged to establisli an ade¬ 
quately strong trace whicli corresponds to the stimulus compound composed 
of the illuminated bulb and the block opposite it. (In Figure 85, it is tiie 
camel block and the ilhirninated bulb.) With the mental set cstablislied 
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by the instructions, "What will make the bottom lipht go on?" the camel 
block at the left of the stimulus compound must emerge from a ground 
containing the other two blocks^ When it emerges It will revive the trace of 
camel block and Wghi, so that the response of choosing the block will be 
elicited. Now it is not difficult to clistinguislt the camel from tlic other 
animals at the left, nor is it difHcuIt for the subject to remember the camel 
block and light in the middle of tlic apparatus, especially when lie can keep 
looking back at it all of the time. The ihm 'inani chavaclcrhuc thal he mml 
perceive mid remember is the illttmirifiiiori of the bulb immeflialHy after the 
camel block is inserted. This can be expressed in terms of the relationship 
of cause and effect. This is a characteristic which may \ic more difficult 
for the subject to perceive than the slight difference in the sixe of the boxes 
in Problem 2. Lastly, in Problem 2, there were only two phenomena that 
the subject perceived (i.e,, two boxes at a time, while in Problem 3 there 
are four—the light and three different types of blocks.) 

Let us summarize the differences between Problems 2 and 3, ns follows: 

Problem 2 Problem S 

No hngucige involved. Verba) Ih&iriicilonii nre involved 

which deni with (he nbsiraci coii> 
cept of "cansc." 

The relationship essential to the The csaciulal relation k n cnusnl 
problem is the contiguous relation relation between o block and (tie 

between candy and the box In illiimiiialion of (be bulb, 
which it was placed. 

There arc four different types of ob- 
There art only two objects in- jecU involved—n bulb nnd three 
volveclj l.e.p 2 boxes., dltTcreiit types of blocks, Any in¬ 

crease in the ainounl of data In the 
' vIbuaI Held increases the dilliciiUy 

of the c.ssenlini phenomena to be 
perceived. 

As can be seen in Figure 5, the only difference between Problem 3 nnd 
Problem 4 is that there is an additional block nnd an additional light bulb. 
There isj however, no causal relation between the block nnd the light in tlic 
second case, for only the highest bulb is illuminated, The Instructions and 
general procedure in both problems arc the same. 

The additional block and bulb are distracting factors. These factors make 
it more difficult for the causal relationship between tlie top block nnd top 
light to be perceived. If you turn back and review what wc have discussed 
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rrouRE 5 

A SAMrf4E TftliVL OF PRODLnM + 

in connection with the Law of Inclusiveness you will understand more fully 
why this is so, The additional difficulty of Problem 4 as compared with 
Problem 3 is not great. Some subjects, however, can solve Problem 3 and 
fail Problem 4. Adult mental patients in the hospital, who were able to 
solve Problem 3 and give a satisfactor]' explanation of why they had 
made the correct choicfij failed Problem 4. 

PftonLEMs 5^ 6, 7 (iNvoLvrhfG Further Increases in Percxi'Tual 

DirrrcuLTy) 

Our next problem (Problem 5) requires the use of Mill's Method of 
Agreement. In Warren's Dictionary of Psychology he defines Mil^s Method 
of Agreement as a "general working principle or canon of induction, which 
consists in finding many instances of a given plienomenon which all agree 
in one detail, though differing in other respects, the point of agreement being 
regarded as the probable cause or effect (or as an indispensible part of cause 
or effect) of the given phenomenon,'^ If you have had a stomacli’ache on 
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every occasion that you nte doughnuts, among other things, for breakfast, 
you may conclude that those doughnuts were the cause of your stomacli- 
ndie. In this instance you arc making use of the Method of Agreement 
in inductive reasoning- Let us now see how this principle applies to 
the experimental situation under investigation. In Figure 6, there arc 



two rows of two blacks each and the bulbs in both rovjs are illut/iiuoted. 
The block common to both rows (i.e., the apple) is the block which is caus¬ 
ing the light to go on. The instructions and general procedure arc tlie 
same as in Problems 3 and 4. This time the perceptual difficulty has in¬ 
creased greatly. The causal relation appears twice, once in each row. In 
this probleiUj however, the essential figure which must emerge from the 
ground is the causal block which is in close proximity with n non-cniisal 
block ..(see Figure 6). 

HerSf not only but incliisiveuess aad proxiitiity are 

it more difficult forjhe subject to perceive the essential causal relatiouship* 
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Aloreover, the vtstidl field of the subject in this problem includes much mofe 
phenomem than in any of the pm problem situations. 

According to Warren {ihld.) . . any difference among effects that are 
otherwise similar is to be attributed to the differences in their antecedents." 
If you arc suffering from a stomach-ache and you recall that you ate this 
morning, in addition to your usual breakfast of oatmeal and coffee, dough¬ 
nuts, you may conclude that the addition of this new antecedent (the dough¬ 
nuts) caused the stomach-ache. In this instance you are making use of the 
Method of Difference. Let us now see how this principle is applied to 
the experimental situation under investigation. 

Problem 6 requires the use of this method. In Figure 7 (a sample trial of 
Problem 6), the steamer block will make the light go on, since it is present 
in the situation where the light goes on and not in the other. The same 
number of phenomena are present in both Problem S and Problem 6; still, 
one might suppose that Problem 5 was easier than Problem 6; since in the 
former, the causal block appears in both rows thus making this block the 
most conspicuous. For example, in Figure 7 Problem 5 has the apple in 
both rows. An experiment by Welch and Long (8) demonstrated that 
there was no reliable difference in the difficulty of these problems for the 
group as a whole. Some subject, however, solved Problem 6 in two stages: 
(if) Tliey first selected the block common to both rows. When they 
found that this selection was incorrect, they purposely avoided the "double 
block" and (^) by trial and error discovered which of the remaining two 
blocks was the correct one. Theoretically speakings the presence of the causal 
block in both rows as is found in Problem 5 should make it easier than 
Problem 6; still, facts indicate that if there is an increase in difficulty it is 
very slight. 

Problem 7 requires the use of Mills' do'mt Method of agreement and 
difference. Here, the position of the blocks and lights is as given in Figure 8. 
The sailboat is the causal block, since it is present in both rows with lights 
and absent in the row without a light. Perceptual difficulty is increased by 
the additional phenomena in the visual field, but as facts indicate, the differ¬ 
ence is extremely slight, A few mental patients were able to solve Problem 
5 and either failed Problems 6 and 7 or had very much more difficulty in dis¬ 
covering the principles for their solution. This difference in difficulty (be¬ 
tween Problem 5 and Problems 6 and 7) is not detectable in normal subjects. 
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amiTCR r 5nLg6A¥~l .L.Ught 

jioraoi!! S7Uiii!fl 

CZSI 03 O/ Howboat .,.iigb» 


amiTCR r 5nLg6A¥~l .L.Ught 

jioraoi!! S7Uifl!fl 

CZSI 03 O/ Howboat .,.iigb» 


f Tb« MDeB of dlif«r«nt (srpta of bosta roprosont 
Ul« plOtUTQH OO ibt blOokB . \ 

FIGURE 8 

A Sample Trial of Rhdd7,jzm 7 

Problems 8 and 9 (Involving an Incbhase in Abstractness) 

Problem 8^ like Problem 7, requires the use of Mill's joint method of 
agreement afid difference. Problem 8, howeverj involves concepts of the 
1st hierarchy, In Figure 9, the causal block, common to both rows with 
lights and absent from the row without a light is a species of aiiima!, /juf 
mi the same animal. The horse block (an ’^animal" block) at the left is the 
causal block which will make the bottom light go on, In this illustrated 
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(Tho hofsQ biook Trill make the go prti plnoe 

hero, aiif anljnal blook Is s osusaZ Taotor). 


figure 9 

A Samfle TwaIj of Problem B 

sarnple trial of Problem 8, three classes are mvolved, "animals/* "fruits/* 
and "land vehicles.** The instructions and general procedure in Problems 
7 and 8 are the same, The substitution of abstract Jot concrete material 
is the only difference between them. 

The stimulus compound containing the causal relation under investiga¬ 
tion in Problem 7 was "sAILboat-anu-illuminatiiD buld*’ in two of the 
three ro'ws. In Problem 8 the causal relation is between a £lass of objects 
and the illuminated bulb (e.g., the causal relation between a type of 
"animal block'* and the illuminated bulb). The subject' can perceive some 
similarities between the lion and the camel in Figure 9, hut these are not 
to be compared, with the far greater number of similarities between the 
causal blocks in Problem 7, In Problem 7, the pictures on the causal blocks 
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arc printed irain the same negative. The less slmilmty between the ccinsal 
blocks, the more difficult it is to perceive the relation between the causal 
blocks and the bidbs» Tliat is why Problem 8 is more diflicult 

than Problem 7, 

In tJicse inductive problems involving two causal blocks, the law of 
similarity applies to two aspects of the situation, (rr) The vtorc similar the 
causal blocks are to the nothcausd blocks, the more difficult it is to perceive 
the causal relation and (b) the less similar the causal blocks are amoriff 
themseheSj the more diffiic/dt it h to perceive the causal relalion. 

In Problem 9, 2nd hierarchy concepts arc substituted for 1st hierarchy 
concepts. In all other respects Problem 9 is the same as Problem 8. Wc 
shalij however, present the names of the block pictures as they would appear 
in a sample trial of this problem (Figure 10). Blocks representing the 



Light 
None 
Light, 


( The wordg reptesent the plotureB on the bloake. ) 

FIGURE to 

A Sample Trial of Prodlem 9 

class of mammals are the causal blocks. The other 2ntl hierarchy classes 
are the class of vehicles and the-class of foods. The same principles which 
explain the increase in difficulty between Problems 7 find 8, make it evident 
why Problem 9 is more difficult than Problem 8, for here there is still less 
similarity between the causal blocks (e.g., there is less similarity between 
a lion and a woman than between a lion nnd a camel). 

Many of the similarities existing between members of a class in these 
problem situations are not perceivable at the moment. For example, boats 
are similar in so far as they arc ''navigable.** Their navigability docs not 
appear in the pictures. Hence, the subject must depend upon liis memory 
for some common characteristics which he cannot perceive at the moment. 
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Problem 10 (Involving an Increase in Memory Difficulty) 

Wc have selected a problem situation constructed by Maier to Illus¬ 
trate a problem (Problem 10) involving increase in memory difEculty 

(see Fieme 11). Two ropes are suspended from the ceiling. Ihe ob]ect 

of the problem is to tie both ends together. When, however the subject 
grabs hold of the end of one rope and attempts to reach 
covers that it is several feet beyond his grasp. You will "“‘.ce that h 
is a pair of pliers in this situation. The problem can be solved by tying 
the pliers on to the end of one rope and then swinging it. It he now 



grauo iiulu UA — 

the first rope on the up-swmg. solution of this problem is 

Tl.. d..-..U.lo . ^ Maied- 

the capacity of a rope to ^ particular property of 
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ropes may have swung together without the subject lutv'wff prreeive/i the 
configuration smuif-rope-nuthhoNcr /lis/tiNce between ropes. 1'his accident 
of the swinging rope or ropes would have demanded far less of the subject’s 
recallj but . ■ . the characteristic of well known objects vvhicl! is essential 
to a problem situation may fail to be recalled, just as such a characteristic 
of well known objects which Is essential to a problem situation may fail to 
he perceived. 

Frequency tmd recency tn having perceived awliiRlng ropes, pnr- 
tkulnrly If nafiociated With ahoriening dUtance (as when cUmlnng 
from one rope to anoiher in a gymnnsiiim) might give any of Mnicr's 
subjects a particular nclvnntngc—one, In fact, which Would not indi- 
cate any unusunl powers of observation or special nbllity to reason. 

The rcvivil of bis gymnasium scene of perhaps the day before woidd 
Jiave only required a narrow generalizniion involving the nppIlcEiLiori 
of almost the same act in the gymnasium situntion to Maicr's shun lion, 

Maier has pointed out that the solution of such a problem is itcliicvcd 
only by "direction/' According to him "direction" is the integration 
of iodlviclunl acts as tylNff pliers onto repej minffini/ rope, rabbinff 
the (fiher rope, cakh'mg ike first rope on the npi^viing Into one whole (5). 

In many respects, Maicr's “direction” is simtlnr to what we would describe 
as the process of recombining ideas. In any learning sitiiation> however, rc- 
combinacion of ideas can be only one of the several mental processes that 
are needed. AU are equally important. 

In many of the recent problems we have discussed the way the recom¬ 
bination of idea is operating can be partly determined by the hypotheses wliich 
the subjects may reveal to the experimenter. Tile mature subject, in any 
complicated situation, has some sort of hypothesis or plan. This niay come 
to him suddenly. It may be changed after one or many failures. It is 
usually n recombination or reorganis^ation of phenomena that the subject 
perceives at the moment of a phenomena which he recalls. 

The Media of Problem Situations 

In any learning situation there may be at least three different types of 
media: three dimensional material, pictori.al material, and linguistic ma¬ 
terial. The number and the vividness of the characteristics of an object 
are never as great in a picture of that object us in the object itself when wc 
perceive it directly. A description of this object is still more unsatisfactory. 
The description (2 pages,in length) of a piece of apparatus may be difficult 
for even a trained scientist to understand, A layman, on the other hand 
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in one or two minutes might obtain a fairly clear idea of the apparatus by 
direct observation. 

We have already spoken of the great value of language. It is iiidis- 
pcnslble when information cannot be obtained by pictures or by direct 
observation: still, words “can let us down.*’ Many problems have been 
failed simply because the subject or student did not understand the instruc¬ 
tions or the nature of the material which the problem involved. In those 
problem situations which involve language, the difficulty of the solution may 
be explained in terms of (a) a lack of clarity in the description of the prob¬ 
lem situation (c.g., the description of the apparatus and the Way it is used), 
and (b) ambiguities of language in cither the general desciipticn of the 
problem situation or in the directions given. 

The block and light problems which we have been discussing become more 
difficult when the three dimensional material used is replaced by linguistic 
inateriah Some mental patients who had no trouble with these block and 
light problems even when they involved abstract concepts (e.g., the classes 
of animals, fruits, and boats) were unable to solve the same type of problem 
wJicn words at the concrete or object level were substituted in place of the 
three dimensional material. At the linguistic level the subject was told, for 
cxamplcj that a certain individual on one daj', ate— 

A trout and an EEr. and was WELL. 

The nejit cloy he ate— 

A CARP and A TROUT and was sick, 

The next day he ate— 

A CARP and AN EEL and was sick. 

He was then asked “What kind of iish would make him sick today— A carp, 
AN EEL, OR ^ TROUT? Hc was told to cross out the one he thought would make 
the person sick and to reach his conclusion by using a principle of reasoning 
and not by any past experiences with food." Here, we Jiave the same problem 
as No. 7 which we discussed, but on this occasion, the material is linguistic 
and not three dimensional. 

People who invent problems often exploit the ambiguities of language. 
One example is “What is half of half and. half?" The answer is ^^ale ” 
since the popular name for a mixture of beer and ale is “half and half.” 
The inventor of such a problem hopes that the subject will direct his atten¬ 
tion to the realm of arithmetic- We shall find better examples of ambiguitLes 
wlicn we disc\iss certain problems of deductive reasoning. 

The instructions given in a problem may purposely mislead the subject 
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byway of implication. This is obvious in the following! Tlic subject is sup¬ 
posed to draw four lines through all of the dots m Figure 12 without re¬ 
tracing them. At least one end of each line must touch the other. This 
problem can only be solved by extending two of the lines beyond the square 
(Figure 13). The inventor of such a problem obviously hoped that the sub¬ 
ject would infer that he could noi extend the lines beyond the square. If 
he had specifically stated that tlie subject might extend the lines or had given 
the instruction ^'Draw any four lines part of luhich pass through all of the 
dots, etc." tins problem might be too easy. Its difTiculty lies in the implica¬ 
tion that the lines cannot be extended. Gestalt psychologists would maintain 
that the difficulty can be explained in terms of the law of pregnanz. The 
subject's tendency to perceive figures as perfect figUTcs would inhibit him 
from malting an extension of the lines beyond this perfect figure (the square 
in Figure 12). 

The Complexity or a Phoelem Situation Can be Increased ey 

Two OR More Factors 

In the problems so far discussed, we have considered the minimum number 
of factors responsible for an increase in complexity and difficulty. For 
example, we have seen that a problem becomes more difficult by the mere 
substitution of abstract for concrete material, by shifting it from the three 
dimensional to the linguistic realm or by increasing the amount of ninterial 
in the situation. An increase in complexity may involve several of these 
factors. 

The combination of such factors ns they affected learning was studied by 
Long and Welch (3). Their subjects were first given problems with three 
dimensional material (he,, blocks and lights) which required the use of 
Mills^ Joint Method of agreement and difference. If they succeeded in 
solving these problems, abstract concepts of the 1st and 2iid hierarcliies 
were introduced* They were next given this same type of problem with 
linguistic material in place of three dimensional material (see Part 1, Table 
2), As this series of tests continued the number of antecedents, or possible 
causes of. sickness was increased. 

In Part 4, the original problem has been made more difficult by (rt) shift¬ 
ing from three dimensional to 'linguistic material and (/») by increasing the 
number of antecedents from two to four. 

In Part 7, the subjects had to contend not only with the difficulty of 
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The problem of drawing four lines 
through the square of nine dots. 


^ • e 
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ft 


ft ft • 

FIGURE 12 


The solution to the problem of drawing 
four lines through the square of nine dotst 



FIGURE 13 
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language material and an increase in the number of antecedents, hut nho 
with the siihstitittiofi of ahstruct conceftls. 

In Part 10, the 1st hierarchy concepts of Part 7 arc replaced by 2nd 
hierarchy concepts. These proved to be the most dilhcult problems of the 
series. 

We must not forget, liowever, that some types of abstract concepts are 
more difficult than others. For many people numerical concepts arc more 
(lifRcult than object class concepts of a high level of abstractness. 

I'ABLE 2 

Inductive Prodlems of Imcreasing CoNfpi.p.xiTV 
(These Involve an increase in the number of antecedents and increase in nhstractneas.) 


Part 1 

TROUT BEL . WELL 

CARP TROUT . 3ICIC 

CARP ECU .. 3ICK 

car/i, Eel, Trout 


Part 2 

C1.AM CRAn . WEU. 

CRAn OYSTER . SICK 

OYSTER CI.AM . SICK 

Clam, oysletj Crab 


Part 3 


COCA COLA 

COCOA 

TflA . 



GRAPEFRUIT 

OINGERAI.E 

COCA COLA 



GRAPEFRUIT 

GINGimAl.S 

MILK . 



MILK 

TEA 

COCQA .... 



Glngerale, Cocoa, 

, colaj Milk, 

Grapcjuice, Ten 


4 

SQUAB 

CROUSG 

PHEASANT 

CIIICKKN . 

. WELL 

PARTR1DOB 

QUAIL 

CROUSE 

PHEASANT .. 

.. SICK 

QUAIL 

GOOSE 

SQUAD 

DUCK . . 

. WELL 

DUCK 

PARTRIDGE 

CHICKEN 

G005H . 

. SICK 

Pheasfint, Quail, 

porlriiiof. Goose, 

Squab, Diieir, 

Grouse, Cliickcn 



Piirt S 


PERCH 

PEAR . 



TADASCO 

PEACH .. 

. WELL 


KETCHUP 

FLOUNDER . 



Gravy, Plum, Cfzr^ 



6 

GOOSE 

CLOVES 

MILK . 


COCA COLA 

CORN 

GROUSE . 

. Wlil.l 

POTATO 

CLAM 

GUM DROP . 

. witi|r 

DONDON 

CINNAMON 

LOBSTER ... 

. SICK 

Chicken, Fudge, 

7infmeg, Crab, 

Glngcrole, Jlcct 

■ 
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TABLE 2 {CoffliHued) 


Part 7 


HAM PEAK OATMEAL SFIREDDED WHEAT ...» SICK 


BEEF LIFE SAVEKS BEER PUFFED RICE . WELL 

PEACH NUTMEG PEANUT DOTTLE OYSTER ... SICK 


CRAD sherry porridge cinnamon WELL 

Lollipop^ CJoves, Clam, Claret, Venison, applet Mush, Cornflntes 

Pan 8 

LIFE savers beef .. SJCK 

tlASa QUAIL... WELL 

DON DON GRAD . SICK 

fudge, Ham, Oyster 

Part 9 


SHREDDED WHEAT 

DEEF 

CORN . 


CHICKEN 

PLUM 

WUTMSO . 

. SICK 

SSTRING DEANS 

MUSH 

FLOUNDER .. 


OYSTER 

TABASCO 

GRAPEFRUIT .. 

. WELL 


qunil, Ketchup, Potato, Cream of Wheat, Clam, Peach. 


Part 10 

QROUSI! LOLLIPOP CORNFLAKES KETCllU? . WELL 

CLAM COFFEE PEAR SHBHRY . SICK 

SHAD OATMEAL LEMON SPINACH . SICK 

FUDGE CLOVES SQUASH LAMB . WEU 


Ham, puffed rice, Lobster, Peach, Tabasco, GIngernIe, Beet, Pennut brittle. 


Children of 13 years of age who had little difficulty in solving the type of 
problem we have illustrated in Part 10 of Tabic 2 had great difficulty with 
the following type of problem which is similar to Problem 5. This only 
requires the use of Mills’ Method of Agreement, but unmbet' concepts are 
substituted in place of the pictures of anhuals. 

You have a— 

34 and on U and you get a "“h" 

You have a 

IJ and 85 and you get a *'+” 

What class of number Is cauaing the "+”? 

This time we are not dealing with the class of "animals/^ ‘‘fruits/’ or 
“boats," but that more unique class— the class of numbers that is divisible 
by 17. Observe—34 and 85 are divisible by 17. Divisibilicj^ by 17 is com¬ 
mon to both numbers, therefore we can speak of them as belonging to the 
same class. The common characteristics of the numbers of the classes, ani¬ 
mals, fruits, and boats are much more obvious to the average person than 
this comparatively unusual characteristic of the numbers 34 and 85. It is 
your unfamiliarity with the haunts and habits of 34’s and 8S’s that makes 
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this problem difficult. The form ot the problem itself is not difficult. Cer¬ 
tainly, you had no trouble in solving Problem 5 witli pictures. Many chil¬ 
dren nine years of age solved Problem 5 almost immediately, but many 
college juniors nncl seniors only solved five out of 10 of fliis ty|7c of numerical 
problem. 

So far our transition from simple learning situations to those of increasing 
complexity hns ranged from type of problem that children two years of age 
have solved to those which brilliant college students in tlicir third and fourth 
years have failed. 

Problems of Deduction 

All of the Icurning situations that we have so far studied required induction. 
According to the logician, induction involves arriving at a gcncraliKiitinn from 
particular instances, whereas, deduction involves arriving at a particular con¬ 
clusion from a generalisation. The distmefion between these two processes 
is not very important in the field of psychology. . . . Solutions may be reached 
jvst as easily by means of induction ns by deduction and the distinction is 
quite Inconscqucntinl in explaining the mental processes that operate. For 
example, a subject might observe that on 10 different ocensions he ate fish 
and became ill. He might then conclude that if lie oats fisli on fhis occasion 
he will again, become jlL On the other hand, for similar reasons he might 
believe that arty or all fish will invariably make him ill, and after iden- 
Itifying a dish placed before him as an order of fish, concUitlc that 
this will make him ill. The first is an example of deduction. The 

second ^is qn example of deduction. We have a tendency from birth 
to make wide generalizations which arc often fallltJ^ One great value 
of studying logic is in learning the dangers of most generalisations. If for 
example a person were to arrive in a foreign country aiul be treated rudely 
by the first 10 inhabitants he meets during the first two days, he might 
conclude that all of the inhabitants were unpleasant people. If he reaches 
this faulty conclusion, which is the result of induction, he may use the 
generalization in making a deduction. For example, if he were to conclude 
erroneously that this particular inhabitant is unpleasant because of his prior 
belief that, fill of the inhabitants ate unpleasant, he is making a deduction— 
he is arriving at a particvilar conclusion from a generalization. Even if a 
generalization is true we may draw the wrong conclusion from it. Tlic 
rules for drawing a correct inference from a generalization are found in 
logic. 
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The most eJementary form of deductive inference is the simple.syllogism 
which is composed of three statements or propositions —the i7iajo7' pr€7nis€, 
which is the generalization (e.g., all men are mortal), the viinor premise a 
particular statement or proposition (e.g., Socrates is a man) and the conclu¬ 
sion (e.g., Socrates is mortal). 

Deductive inferences as they appear in our daily speech ate not of the 
orderly type: 

All men are mortal 
Socrates is a man 
Therefore, Socrates is mortRl. 

Usually, the essential propositions are mixed with other expressions of 
thought. The logical order of the major and minor premises and conclu¬ 
sion may be reversed or one of the premises may be merely implied. For 
example: 

There is very little in this life that h of great merit We acquire 
wealth and ‘vve lose it. Our Uvea are temporary. This is true of the 
wise and the great, as well aa of the foolish and the lowly. Even the 
great Soerntes in the days when he questioned his friends in the market- 
place, was despite all of his wisdom, looked upon by everyone as n 
mortal creature. ''Socrates U mortal,’' anyone In Athens could well have 
said. No doubt they did, for alas, even then as now, the simplest 
mind knew that all men are mortal. 

In order to check the deductive inference that Socrates is mortal in the 
above paragraph, one must first discover the major premise and then the 
implied minor premise (i.e., '^Socrates is a man^^). When the premises 
and conclusion arc written down in their logical order, it is easier to 
detect a fallacy, if one is present. Even when a deductive inference is 
presented m the compact form of a syllogism, a fallacy may be hard to 
detect, particularly if the conclusion is true. A conclusion may be a matter 
of fact, but if It does not follow from the premises, the deduction is fallacious. 
For example, the proposition MU good men are not liars'^ is true, but it 
does not follow from the premises; 

No liar can be believed 

All good men hate liars 

Therefore, all good men are not liars. 

The problem of discovering a fallacy in a deductive argument consists 
in discovering whether logical relationships exist between the premises and 
the conclusion. The symbols of relationships between these parts, whether 
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logical or illogicalj must emerge from the visual field of the problem solver 
m much the same way that the causal relationships emerged ui many of tJie 
inductive problems already discussed (where the cause was a block or some 
type of food and the effect was the illumhiatioii of a bulb or sickness). 

In many of the more difficult deductive problems the complexities and 
ambiguities of language arc found. The more obvious type of ambiguity is 
apparent in the subject or predicate of the conclusion and of the premises 
as in the following: 

Nolhiitff is better tiun heaven, 

(Subject) 

A dollar is better than nothing. 

Tlierefore> a dollar li beiUr than /letivffii. 

(Pretficn te) 

The meaning of such ambiguous terms as "all^' ot "some” may cause even 
greater difficulty* A reason for this is given by Woodworth and Sells (12). 
"Ambiguity” they state "attaches especially to the word *somc’ as in 'Some 
X is y.' By the conventions of formal logic, 'somc^ means 'at least some' 
(i.e. ‘some and perhaps all’) while in ordinary speech it often carries the 
implication of some but not all.” They also suggest that the use of a prepo¬ 
sition which is of the form "some S is Y” appears more cautious to the lay¬ 
man than the use of one which is in the form "all X is Y.” A syllogism 
with the conclusion "some jY is Y” can be just as fallacious, however, as one 
with the conclusioji "all X is Y*” 

In an experimental study made by Wilkins (10), it was found that the 
difficulty of detecting fallacies in syllogisms depended in part upon the 
familiarity of the problem solver with the materials involved. Students 
taking'these tests made the fewest mistakes in detecting fallacies in syl¬ 
logisms which dealt with everyday college life (c.g., all undergraduates 
must learn to swim. This Junior is an undergraduate. Hence, he must 
learn to swim). They made more mistakes with syllogisms of the same 
type which involved the use of letters (c.g., all X is Y^ etc.). Their worst 
scores were made in detecting fallacies in syllogisms making use of nonsense- 
syllables (c.g., all Xips arc Mefs^ etc.). Certainly, the meaningfiilncss of the 
subject matter aids the problem solver in applying the rules of logic that he 
has learned. 

Rules of logic not only acquaint us with the various types of ambiguities 
which may appear in deductive arguments, but aid us in niraiiging or re¬ 
arranging the premises and conclusion in an order that brings the logical 
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relations involved into protninencc, Xhis Icnowledge may soon be forgotten, 
if the habit of applying the rules of logical frequently is not developed. In 
an unpublished study made by Welch and Long, the same syllogistic prob¬ 
lems were given to three different groups of college juniors and seniors. 
None of the members of the first group had ever taken a course in logic^ 
All of the members in the second group had passed their examinations in a 
onc-term course in logic four months prior to the test, and all of the mem¬ 
bers of the third group were ending a one term course in logic. The 
average scores of the first two groups were airnost identical. The average 
score of the third group was reliably higher than those of the others. Thus 
it can he seen that the ability to apply the rules of logic learned in one 
college term, if not deliberately applied, may disappear in the very short span 
of three or four months. 

The Simultaneous and Consecutive Functioning of the Mental 
Processes in Learning Situations 

Even in a simple conditioning situation the mental processes of perceiving 
and recalling functioned simultaneously, When the dog was conditioned 
to salivate to the sound of a bcU of low pitch, he would even salivate on 
hearing one of a higher pitch. In this second instance, we have an example 
of the simultaneous functioning of three mental processes—perccivingj re¬ 
calling and generalizing. 

When we attempt to study the mental processes which are functioning at 
any given moment in a complex problem situation our task becomes impossible. 
All we can say is that there is both simultaneous functioning of some or all 
of the mental processes and consecutive functioning of them as well. Diffi¬ 
cult problems often have to be solved in stages. In very difficult problems of 
higher mathematics for example some people may be able to pass through 
various stages more quickly than others; still, if the problem is sufficiently 
difficult everyone must pass through all of the stages involved. 

Frequently passing from one step to another may be extremely slow. A 
great deal of time may be spent and many errors made in one step alone. 
At another point, the problem solver may pass quickly through one or several 
steps; still, in all of these problems that must be solved one step at a time, 
there is the additional difficulty of efficiently directing the mental processes 
so that the relationship between one step and another is dealt with ade¬ 
quately. It might be convenient to think of a difficult problem in calculus 
as a chain of logically related problems only one of which is solvable at 
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El time. In so far as these problems are logicnily related, however, percep¬ 
tion, memory, and generalization must be taxed to the extent tJint most of 
the essential elements which belong to each problem arc included. Thus, 
as the complexity of tlie problems stretches out through many stages, the 
integrated activities of the mental processes arc proportionally taxed. 

The simultaneous and consecutive functioning of mental processes par¬ 
ticularly m the more complex learning situations, includes the recombination 
of ideas and association. In the fantasy of both the dream and the w.^king 
states, parts and characteristics of different phenomena that wc lijivc per¬ 
ceived lire recombined. For example, we have seen, mountains and gold 
watches, but never an actual gold mountain. Wc can, iKnvcvcr, recombine 
characteristics of both impressions and have an image of a gold mouiUnin. 
Similarly, in a learning situation which might be referred to as reasoning or 
a problem solving situation, recombination of ideas plays an important 
part, This is not only true of impressions that wc have perceived, but ele¬ 
ments of the past impressions mny be recombined with what wc arc per¬ 
ceiving at the moment. 

To some extent the capacity to recombine Ideas is dependent on the asso¬ 
ciative activity of the individual, Just as wc cannot recombine elements of 
impressions that were never made, so too, we cannot recombine elements 
of impressions we cannot recall or revive by the process of association. The 
r^tc of associative activity admits of diffcrcaice, In a study by Welch, Long, 
and Diethelm (9) it was shown that a stimulant such as dcxaedrinc could 
increase the flow of associations to a list of nonsense-syllables of low associa¬ 
tion value. 


Summary 

We have analyzed a scries of problems to sJiow the various factors involved 
in the transition from simple to complex forms of learning. We l)ave in¬ 
cluded (n) the factors which pertain to the stimulus configuration itself; 
(i) the number and the efficiency of the following mental processes, per¬ 
ception, memory, recall, generalization, association and the recombination 
of ideas; (c) the time element; and (rf) the conditions of learning. 

(is) We have seen that the laws governing the emergence of a figure 
from a ground must be considered in the cxaminatioji of those factors whicli 
tend to increase the difficulty of these learning situations. (Zf) An increase 
in the difficulty of a learning situation has also been explained in terms 
of the substitution of abstrsict material for concrete material and substitu- 
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tion of written for three dimensional materiaL (c) We have also seen that 
as we pass from the simple to the complex learning situation, we must 
use a greater number of mental processes simultaneously and consecutively 
and with greater efficiency in each instance, (d) The time element plays 
an important part in the analysis of all learning situations. In simple animal 
experimentation learning is usually studied in terms of the rate at which 
the animal eliminates his mistakes. In any problem box or maae the animal 
may reach his reward on the itrst “run.** He is however, put back into 
this same situation many more times so that the experimenter may study 
how loiiff it takes him to discover short cuts to his food. Again, many an 
animal or human subject has failed to solve a problem in the time allowed; 
yet, had such a subject been granted one minute, ten minutes, or an hour 
longer, the solution of the problem might have been reached- The additional 
time would not only have involved longer activity of the subject's mental 
processes, but also the conditions of learning. 

(e)Thc conditions of learning to which wc refer include what would 
ordinarily be called conditioning, trial and error, insight, and even practice 
and imitation (in the problems wc have just studied little or no opportunity 
for imitation was found). It is absurd to attempt to describe learning in 
terms of one of these conditions alone. Certainly, in any simple learning 
situation, not only are the principles of conditioning applicable, but all that 
we mean by trial and error is also present. When we turn to complex learn¬ 
ing situations, there is no reason to suppose that the factors of conditioning 
are absent. The non-conditioned stimuli, the conditioned stimuli (particularly 
. when generalization is involved) and the responses may not be as obvious 
as in the situation of Pavlov's dog. Moreover, the trials and errors may 
be more numerous and the opportunity for observing the subject’s “insight" 
or hypothesis making may be greater. 

In insight or hypothesis making the subject '^perceives" or believes he 
perceives the relationship between the means and the goal. This so-called 
perception is not solely the direct result of a stimulus configuration im¬ 
pinging upon one or several of the subject’s sense receptors. The relation¬ 
ship between mean and goal may involve the relationship between phe¬ 
nomena that is actually being perceived by the eye, car, etc., and revived 
impressions of the past or the recombination of all these phenomena. Again, 
the hypothesis may only carry the subject from the first to the second stage 
of the solution of the problem. In other words, the relationship between the 
means and the goal must not be thought of, in all instances, as involving 
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the ultimate goal, since many problems, as we have suggestcclj arc only 
soh able in stages. 

This study could be described ns the examination of a transition from 
simple reasoning problems to complex reasoning problems, though some of 
the problems considered would ordinarily be described as tests of visual dis¬ 
crimination. If the term reasoning were used, it should represent the siniul- 
tnneaus or consecutive integrated activities of several or all of the mcneal 
processes we have described. It is confusing to use the term reasoning as a 
mental process in the same sense that we speafe of perception or memory as 
mental processes. When we think of reasoning as the integrated activity of 
perception, memory, recall, association, generalization, and recombination 
of ideas we may hope to find the specific cause of failure in any so-called 
reasoning situation. So often failure is the result of poor perception or 
memory, or wliat we have not mentioned, attention or motivation. If on 
the other hand we treat reasoning as a mental process itself, all we can hope 
to achieve in analysing failure in the reasoning situ-ition is to state that the 
failure was due to poor reasoning. 

Throughout this study we have described a transition from simple to 
complex learning situations and have avoided the distinction between reason¬ 
ing and problem solving, since this so often implies that if one reasons, he 
does not "problem solve/* or if he solves problems, he docs not reason. 
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THE USE OF AN AUTOBIOGRAPHY IN A COURSE IN 
ABNORMAL PSYCHOLOGY^ 

Depnilmcnt of Psychology, York U7iiversi(y 


Daniel Brower 


For the past three semesters the author has required each member of ins 
undergraduate ABNORMAL PSYCHOLOGY classes to write a brief autobiography 
as an integral part of the course. Having found many interesting results, a 
tentative report is presented here in the hope that others will be provoked 
to express their opinions and experiences in the use of this method. 

Any college course can be taught on several levels: It may merely aim 
at providing information, it may aim to provoke one^s thoughts, or it may 
aim to improve the Individual’s state of personal and social adjustment. The 
author's educational philosophy is such that his course in abnormal psy- 
CHOLOQY aims at all three educative levels mentioned above, but tends to 
stress the personalization of the material covered In the course in the hope 
that more insight may be gained by at least a large proportion of the stu¬ 
dents, Ideally, of course, the personalization of the subject matter, or 
the concretization upon the self, would best be accomplished by extensive 
depth interviewing. In large classes, however, this is not feasible. So the 
alternative of requiring the autobiography as a term assignment was adopted 
and those students who felt, as a result of writing the paper, that they 
wanted to talk to the instructor were encouraged to engage with him in 
short interviews, on the basis of which a small number were referred for 
psychiatric consultation. 

The author hopes, also, to imbue students with the conviction that mental 
deviations are miii^srsal in all of us to varying degrees in various situations 
and times, rather than the traditional dichotomous view of abnormal people 
being sharply distinguishable from normal people. 

The technique of autobiographic writing, therefore, may serve to measure, 
in a crude way, the extent to which the point of view of the course—the 
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personalization of the subject matter—docs take hold. It may also show 
whether this method ims any value as menu! hygiene and whether any 
disadvantages tend to accrue thereffom^ 

The purpose of the assignment, from the student's point of view, was 
to determine the degree of success with whicii he could apply psycho¬ 
dynamic concepts derived from the course to his own life experiences and 
adjustments. It was stressed that sponttaiieity was parnmount even at tire 
expense of grammatical error. The students were asked to avoid excessive 
splitting up of detail and to write the paper in a few long sessions. They 
were assured of the confidential character of the data. To guide them in 
structuring the papers, they were referred to the Ouilhie for tFriiiug tt Case 
Hutory in Young's book (1). This report is based on tlie experience with 
over 300 undergraduate students, 

The response to the assignment was one of initial anxiety coupled, in 
some instances, with resentment followed later by cathartic relief anti even 
gratitude for being forced into such self-discovery. Only one student out 
of 300 actually refused, in effect, to do the task. All the others were about 
equally divided between those who managed to work the task out by them¬ 
selves and those who asked for varying degrees of aid. In the latter instances 
a very non-diiective type of guidance was employed. 

Many students reported better social adjustment nfccr doing this chore. 
One girl broke her engagement in the middle of the paper and felt much 
happier for it, She had described what arnounted to her ocdipal diflicultics 
, in the paper. Many showed anxiety regarding job and career, A large 
number of the men, especially the veterans, came to realize the need for 
vocational guidance and clinical psychological aid and were alternately dis¬ 
appointed and hostile for the limitations in such facilities generally available. 
One boy used the medium of this paper to let his girl find out about his 
. diabetic condition by reading to her his introspections about the role of this 
disease in his life, whereas he could not bring himself to tell her verbally. 
Many students expressed the thought that they would be able to know in the 
future when a psychiatrist’s services are needed before it is too late, and will 
probably not be too intensely victimized by the stigmatization of visiting a 
psychiatrist. In fact, a large number of the groups felt that they would 
like to enter the fields of clinical psychology or psychiatry. 

A large number reported early sexual experience such as playing “Doctor 
and Nurse” and other forms of mutual undressing, inspection, and stimul.n- 
tion, masturbatory experiences, ns Well as hctcroseximl experiences^ strivings. 
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frustration, and anxieties. Males were, naturally, less inhibited in the sexual 
sphere, partly because of differential mores and partly because of the fact 
that the reader was male. Two cases of serious sexual deviation came to the 
author’s attention through the medium of this paper and the interviews 
resulting therefrom and were referred for psychoanalytic therapy, 

The best papers were certainly those which were most spontaneous and 
which were executed by those students who took the course and this paper, 
in particular, not merely for the three points of credit hut to find out more 
about themselves, Such students who already have some peripheral insights 
when starting the course can profit the most from a student-centered ab¬ 
normal psychology, in which the student is encouraged, even urged (through 
this paper), to study himself rather than the other fellow; to turn the sights 
of his perceptual guns inward upon himself, 

Some students personalize the beginnings of their writings by notations of 
apology, pleas for strict confidence, confessions that the initial draft was 
censored, etc. The endings arc usually in the form of summarizing the 
structure of the personality, an optimistic note or two about the future, and 
occasionally;' a metaphysical note. 

One female student of Japanese extraction discovered the origins in 
licr folk-lore and childhood experiences for her visual hallucinations which 
ceased before the end of the course. Three students admitted having homo¬ 
sexual experiences, one of whorn found that his system of rationalization 
broke down upon writing the paper. At various crucial dynamic points in 
the essay a student would divert into verbal protest over the assignment. 
Many have reported that their inferiority feelings had disappeared, feelings 
of self-esteem had risen, and that it is annoying, at first, to find out about 
your abnormalities but that it is later gratifying to learn that wc are all some¬ 
what that way, i.e., neurotic or rnaladjusted. 

After turning in their papers each student was asked to anonymously 
answer several questions regarding this autobiographic experience, The 
questions with the summary of results follow: 

1. What was the greatest value which you received from tins 
course, if any? 

Greater insight into self and others, and gre^^ter tolerance 
for others. 

2. How has this course affected your sWte of happiness? 

About 75 per cent said happier; 20 per cent no change; 
and S per cent less happy; "shook me up,'* "agitated," etc. 
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3, Since this course stoited arc you awnre of tlrcnmlng more or less 

ofteUp or is there no cheinge? 

About 60 per cent no change; 20 per cent more often; 20 

pfir cent less 

Since this coufse started have yaiir Inier-pcrsonal rclnllona shown 
any change? . 

About 70 per cent said more sntUfying; 2S per cent re¬ 
ported na changer and 5 per cent find (heir social adjust¬ 
ments leas satisfying, 

5, Do you feel differently about yourself ns a result of this conise? 

If so, how? 

About 70 per cent reported greater asaurence and scctirity 
and lielghiencd self-esteem; 30 per cent llulc or no change. 

6, State the effect of the autobiography assignment upon you. 

Practically every sUideut expressed the Idea of greater 
insight and knowing of one's aeff. 

7, Would you rather have been assigned a llhrarv type of term 
paper instead of the autobiography? 

Only 7 per cent said yea. Many of the others did, of 
courasi Indicate that while doing (he paper they had 
hoped that the aBsignment hsd never been made but (hat 
thU feeling changed after turning In ilic paper. 

Many students asked ■why the course wns not supplemented by a psy- 
chofogical clinic^ A large number said that a course never took so raucli 
time and energy but that they felt it was well worth it. 

, From the instructional and evaluative points oi vieiVj it was clear in each 
section thatj with regard to the amount of insight displayed and the success 
in applying the principles of the course to the self, the papers tended towards 
a bimodal distribution of very low and very high degrees of insight. 

From the results reported above it would seem reasonable to hazard a 
guess that about 5 per cent of the undergraduate students in a course in 
abnormal PsvcHaLOGY experience or suffer an increase in tlieir states of 
tension, uialsidjustment, or unhappiness or combinations of these reactions. 
Many of these were probably maladjusted to begin with and tJie course 
and paper served merely to focalize attention upon their difficulties or> 
having made some unconscious material conscious, the therapeutic function 
of the course, stopped at the point where the individual was just about to 
attain the proper mental set for intensive therapy. As far as the clinical 
insight of the author permitted, these people were referred for therapy 
outside of the classroom and University situation. Each was asked, however, 
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to report back to the author for a check-up on the subjective effects of their 
tJjcrapy. Jt would seem tJiat if such precautions arc consistent!)^ taken 
there is little danger in teaching such a course from a dynamic and per¬ 
sonalized point of departure; in fact, the effects are in the positive direction 
if one is able to help a few disturbed people find out about themselves 
and again the few morsels of insight which they require to be adequately 
motivated to seek and pay for psychotherapy. For the vast majority of the 
studentSj about 95 per cent, the results are apparently both subjectively and 
objectively advantageous in terms of understanding the self and others, 

The following final sentence of one student's paper might serve to illus¬ 
trate the degree of penetration which some students derived in the course 
of this assignment: 

In conclusion, I wiah to state that I feel the value of this auto¬ 
biography to the miter lies in the Insight gained into those didlcultlcsj 
feelings, tensions, and problems which he does noi write down in this 
paper. 

It should also be stressed that possible disadvantages have emerged in 
the use of this method. Firstly, in addition to those who take this course 
for professional preparation, a disproportionate number of students experience 
an abrupt diversion from other career goals toward clinical psychology and 
psychiatry. Secondly, some tend toward over-introspectiveness and believe 
that mere verbalization of a problem constitutes the solution of that problem. 
This is reminiscent of the terminological or verbal fallacy in science generally. 
Lastly, some students might feel that, through this autobiography, they have 
gained complete insight into and control over a problem where the insight 
gained is partial or the problem was merely verbalized. 
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Reviewed by W. Drayton Lewis 


Value of a study of child growth is determined to a large degree by 
the richness of the experience which lies behind the volume. Tile writers 
of Jhe Child from Five to Ten, Dr. Arnold Gesell und Dr. Frances Ilg, 
and their collaborators, have had an almost if not an unequaled experience 
with children at the Yale Clinic of Child Development. No one who is at 
all familiar with the literature of child growth needs any introduction 
either to the writers or to the contributions which they liave made in this 

This volume endeavors to do for the period of child development from , 
S through 9 what the earlier and deservedly popular volume, Infant mid 
Child in the Cvltiire of Today, did for infancy and early childhood. The 
volume does not confine itself to the years designated in the title and, accord¬ 
ingly, does not fall into the error of so many other volumes and present 
an isolated segment of growth. The writers recognize that development 
is a unitary process and that any period of development can on y be under- 
stood in terms of what has preceded, Thus, much space is devoted to a 
reconsideration of material contained in Infant and Child in the Cnltuie of 
Today in order to give a true picture of child development, that of con- 

tinuity of growth through the years. , . l ^ 

. The philosophy of the earlier volume is reiterated and, m that sense n 

new viewpoint is presented. Those who are familiar with the preceding 
work will find merely that the obiectives of that volume have been expanded 

in terms of growth during the years 5 to 10, , a . m 

The years, 5 to 10, have had too little attention from students qf ch 

development and this work fills a needed place in the literature. Previous 
studies of this period have been concerned largely with ^ 

and there has been little effort to present a unified picture. 

mental value of this volume, especially to those 

philosophy of Infant and Child in the Cnltiire of 1 oday, is that 
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marizas a great deal of material, f>crtaining to a later period 0 / developiociU, 
garnered from extensive ease study records of cliildrco from the files of the 
Yale Clinic of Child Development. Any one who is dealing with children 
of these ages can refer profitably many times to this matcriali 

The fundamental thesis is the necessity of recognising that the child grows, 
that those who are dealing with children must seek continunlly to determine 
the maturity level of each child, that is, the point the child lias attained In 
the growth continuum. An additional thesis is that cacli child h.is a uniriiic 
and distinctive pattern of growth which makes him an individual and which 
must be determined if tlic child is to he denit with intelligently. Lach child, 
we are told^ is his own best norm/' "He is never so mucli like himself as 
when he is changing, because his growth characteristics arc the truest index 
to his individuality" (29). 

The volume ends with "A Philosophic Postscript" which recmphasiKCS 
the importance of a philosophy of child growth. It is important because "the 
temper and the techniques of child care depend primarily upon the under¬ 
lying philosophic outlook." The philosophy of child growth set forth is called 
"dcvelopmcntalism." It is licld to be fundamentally a democratic philosopliy, 
"the very opposite of fascism " "for it acknowledges the individuality of the 
child and wisely concedes that all his behavior is subject to the natural laws 
of human growth," The fundamental objective is "to do justice to the child’s 
personality” and this makes it imperative that we think "in terms of growth, 
in terms of his developmental maturity/' "Tliis means a philosophy 
which recognizes the relativities of the life cycle" (p. 452). It is hard to see 
how any one could question seriously the fundamental validity and even 
necessity of such a philosophy in this day and age. 

The emphasis on individual growth patterns is not as distiiictivci nor 
is it given the emphasis as in Infa/ri and Child in the Culture of Today, It 
is there, neverthclesSj and is of fundamental importance for an understanding 
of the material. If there is a weakness to the volume it lies in the fact 
that individual differences, although always immanent and fundamental, 
are not brought to the clear-cut focus as in the earlier volume. 

The writers point'out that the information brought togetlier in this 
volume is the result of years of clinical study of children, tliat the two 
volumes supplement each other and arc, in a sense, companion volumes. 
The fundamental tenets of the earlier volume are cnrefuily reemphasized 
for the benefit of readers who are not familiar with their philosopliy. How¬ 
ever, one who is deeply interested in the total picture of the growing child 
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will W3nfc to rc3(i Infant and Child m the CuHuts of Todayj for its ^pprosch 
is fundamental* This is tjuc even for those whose primary interest is in the 
years 5 to 10. Ihcy will understand fully the older child only when they 
have made themselves familiar with earlier developments The reader who 
is short of time will find that this volume gives a fairly adequate picture 
of the process of development since some space is devoted to development 
during the first four years. Fart One provides a rapid summary of the 
fundamental philosophy of the writers, and the first chapter of Part T^o 
provides a brief summary of development during the first four years* 

The approach is, obviously, longitudinal and the methoda are those of 
the clinic rather than rigorously experimental and statistical. The work is 
the outcome of the study of individual children over a period of years. This 
does not mean that the volume is merely'a series of case studies. It is not. 
Rather, the writers tried to bring together the distinctive characteristics 
of each age group, as manifested by numerous children, and give a picture of 
typical behavior for each period. It is admitted that the relief may be too 
bold, that the picture may be overdrawn, at times, for purposes of emphasis, 
"But to paint a vivid and usable maturity portrait, wc must dip our brush 
where the pigment is strong" (89). The justification for this over-emphasis 
is that it makes possible a picture of growth and development whicli other¬ 
wise would not be possible. 

Growth is held to be continuous, with no breaks between the age groups 
treated in the two volumes. A fundamental thesis is that the development 
from 5 to 10 is continuous with and just as lawful as growth during the 
first four years. The transformations, as revealed by an analysis of their 
numerous behavior recoi'ds, were found to he "gradual and not dram.atically 
obvious." The important finding is that "die growth of the mind is law¬ 
fully patterned in the years from five to ten" (p. x). 

The writers endeavor to present growth gradients in such a way that the 
reader will see that each year represents a step, or steps, toward maturity, 
that the child is growing continually. One who deals witli children realizes, 
of course, that, us a rule, most of the transformations come so steadily that, 
one wiio secs the child constantly is scarcely aware of the changes at the 
time tliey occur, "Yet they come with such unremitting surety that each 
birthday marks a significant advance. Each year brings changes in the 
maturity picture" {p. 60). 

Growth, while continuous, is pictured as characteristically spiral, rather 
than linear. "Progress does not proceed in a straight and steady line. 
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There are many fluctuations and apparent lapses, clue chiefly to the ever 
changing accents and patterns of growth" .(p* 248). Uclinvior appears, at 
tiinesj which the uninitiated may judge to be less mature forms of behavior 
but which, if seen in the proper perspective, are rccognixcd as steps toward 
maturityi 

The major thesis, that the child is moving continuously toward maturity, 
is emphasized and reemphasized. The authors repeatedly point out that one 
must try to sec each act in the chiLd*s devclopniciit as a step towards maturity, 
as development due to his unique growth process. The child is incomplete, 
but growing and maturing and giving indications of the adult be is to be. 
Immaturity is merely more evident at some ages than at others. The 
5-year-old, while by no means a finished product, '^already gives token of 
the man (or the woman) he (or she) is to be. His capacities, talents, tem¬ 
peramental qualities and liis distinctive modes of meeting the demands of 
development,—have all declared themselves to a significant degree, He 
is already stamped with individuality" (p. 62). 

This is definitely not a volume about exceptional children, The purpose 
is to give a picture of the development of normal children who are Jiving 
under conditions in the home, school, and community that make for normnl 
development. There will be children whose development is cxcei)tionnlj who 
cannot be placed in the series of growth gradients. The gradients can be 
exceedingly helpful to those wljo arc dealing with problems which are typi¬ 
cal of the vast majority of children, 

Behavior profiles are presented for each age, 5 through 9. There is 
over-emphasis and, without doubt, many children will not show the shafi)ly 
defined patterns of growth which are presented in the profiles, The pro¬ 
files must be read in that light. The distinctive character of the profiles 
can best be shown by "key" statements from each age level so I quote at 
length. 

The S-year-old is self-contained, on friendly terms with his environ¬ 
ment. . . , Meanwhile tliere is on interlude ivhcn he feels quite at home 
in.his world. What is hU world? It is a /lere-atid-itotut-worlfi, . . , 

Five is a nodal age and also a kind of golden age for both parents 
.ind child. For n brief period the tides of development flow smoolhly. 

(p. <!3). Five Is u great talker (p. 66). 

The sixth year (or thereabouts) brings fiindomentnl changes, samatic 
and psychalogical. It is an nge of transition. . , , TIveae changes mani¬ 
fest themselves in new and sometimes startling psychologicnl trulls 
(p. 89). He tends to go to extremes,—under alight stress, whenever he 
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attempts to use his most recently acquired powers (p, 90). He docs 
not wish his environment to deviate from a familiar set pattern (96). 

These traits are vaguely characterized by aucli adjectives as impulsive, 
undilferentintedj volatile, dogmatic, compulsive, excitable (p. 97). 

There ia q kind of quieting down at seven. ... It is an assimilative 
age, a time for salting down accumulated experience and for relating 
new experiences to old (p. Ul). , . . Seven is a pleasant age, if one 
respects the feelings of the child (p. 132). , - . He ia becoming aware 
not only of himself, but of others. He ia increasingly sensitive to tlie 
attitudes of others (p. 133). 

Eight again la expansive but on a higher level of maturity (p. 159), 

Eight is more of a person by adult standards and in terms of adult' 
child relationships. . . . There are three traits which characterize the 
dynamics of his behavior: Speediness, Expansiveness, "Evalnativeness,’^ 

The last named cannot be found in the dictionary, but it describes his 
dominant tendency to appraise what happens to him anti ^vhat he causes 
to happen (p. 160), As a hungry amoebn thrusts out one pseudopod 
after another, the hungry S-yent'old mind actively spreads into nevy 
territory (p. 16+), , , . Intellectually he is becoming more expansive 
(p. 166). 

The behavior trends of the eighth year come to clearer issue; the 
, child gets a better hold upon himself; he acquires new forms of self- 
dependence which greatly modify his relations to his family, to school 
and classmates and to the culture in general (pp. 1S8-9), . , . Self- 
mothatiofi is the cardinal characteristic of the 9-ycfir-old. It is the 
. key to understanding him on his plrogress toward maturity (p. 1S9). 

, t . lie shows considerable ability in social criticism ns ^Yell ns aelf- 
criticism (p. 190). 

A chapter is devoted to each a&e, 5 through 9, with a brief sketch of the 
tenth year. The first part of these chapters is a behavior profile, the 
general trends of which are best illustrated by the quotations Just presented. 
The second half deals with "Maturity Traits." These are summaries of 
characteristic behavior of the various age groups. They are presented under 
several headings, namely: motor characteristics, personal hygiene, fears and 
dreams, self and sex, interpersonal relations, play and pastimes, school life, 
ethical sense, philosophic outlook. These should be particularly helpful to 
those who are baffled, at times, by the child's behavior. Problems tend to 
disappear when one realizes that the behavior that they arc troubled about 
simply is typical for the child of that age, that the behavior merely represents 
a passing stage in the growth process. "Maturity traits" and "growth 
gradients" should add greatly to an understanding of child behavior, as 
well as prevent a great deal of concern and worry on the part of adults, if 
they arc approached with intelligence and understanding. 
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Fart Three devotes a chapter to each of the "maturity traits" listed above, 
showing significant "growth gradients" from birth to 10, Each chapter 
begins witli a general disciission of the development of the traits. T^his 
serves as an introduction to the "growth gradients," A "growtii gradient" 
is defined as "a series of stages or degrees of maturity by whicli a child 
progresses toward a higher level of behavior." These nrc given at intervals 
of four to SIX wceb for the first 18 months, for 6-month intervals tlirougli 
the fourth year and then at yearly intervals. 

These gradients, it is emphasized frequently, are jiot to be interpreted as 
norms. They are not. It is unfortunate that norms have been so over¬ 
emphasized in the past that they are still often misunderstood, for one who 
does not understand the significance of norms will probably misinterpret 
a great deal of this volume. One itttisl understand the significance of norms 
and know how to use tliein if this volume is to be read with intelligence. 


This does not mean thiiC c|ie itemized gradient levels ahonld be re¬ 
garded as statlalical age norma (p. 221). The parent ^v]^Q rends a 
gradlenc should never say my child on^hi to be nc ilua particular level 
of the gradient because he la old enough. The child may well be younger 
or older than the chronological age assigned by the gradient. It is more ^ 
Important to find die gradient-level which approxirnnicly describes 
the stage of maturlly which he has actually nitnlned. The gradients 
arc Intended to show the overall developmental sequencej of bclinvlor 
rather than rigid standards of expectancy. Individual didcrcnces are 
loo great to permit rigid standards rigidly applied. Oenetov^s allow¬ 
ances should be made for age varUtions (pp. 221, 223). 

The “growth gradients" are subdivided. Typical, nrc the subdivisions 
of motor cliaracterisiics; bodily activity and eyes and hands; of perso7tal 
hyffienej eating, sleeping, elimination, bath and dressing, health and somatic 
complaints, and tensional outlets. The chapter on hiierpersojial relatioti- 
ships is one of the best and deals with such "growth gradients" as mother- 
child, father-child, sibling, family, manners, teacher-cldld, child-child, and 
groupings-in-play relationships. 

A very significant feature of the volume is that it docs not lift a segment 
of development out of its context, as do most books whicli deal with segments 
of development. The emphasis is on the fact that normal growth can only 
be understood as a process which begins at birth and continues without sig¬ 
nificant breaks. The besetting sin of n great deal of the material available 
is that the age segments dealt with are presented completely out of con¬ 
text, thus giving the reader an incomplete viewpoint. The writers of this 
volume are not guilty of this error. 

p 
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The book wjis written with r wide range of readers in view; "parents and 
teachers, physicians and nurses and others who are professionally responsible 
for safe-guarding the developmental welfare of children from 5 to 10.” One 
who deals with children of these ages should be able to profit from the 
material presented. So much material is summarized that it cannot be com¬ 
passed in a single reading and, for one who is dealing continually with 
children of these ages, it will be necessary to refer to the material time and 
again. It will probably not have as wide a reading public as Infant and 
Child hi the Culture of Today, Its appeal will not be as wide simply be¬ 
cause there is not the wide-spread interest in 5 to 10 as there is in infancy 
and early childhood. The volume^ nevertheless, should have a wide appeal. 

It is one of those volumes that one must be familiar witli if he is to have any 
claim to being ■wcll-veised in child development. 

The style is exceedingly well suited to the material and philosophy. Sen¬ 
tences are short, as a rule, and are well adapted to conveying to the reader 
the impression of movement and growth. An understanding of the material 
by those who have to deal with children and their problems as they move 
toward maturity will alleviate much worry and strain for they will come 
to understand that certain forms of behavior are normal, and to be expected, 
rather than manifestations of something essentially evil and vicious in the 
child. 

I am not particularly concerned here with criticisms Tvlilch might be made 
of the volume. Many, no doubt, will repeat the criticism made of all of 
Gesell^s work, that is, that the norms are too high since he has dealt with 
a selected group of children from relatively high socio-economic status. This 
is admitted, but the criticism is not particularly pertinent. The reader is 
repeatedly warned as to the proper use of norms. It is repeatedly empha¬ 
sized that the gradients arc to be used only as guides. 

The nges assigned to the stages in the foregoing gradients represent 
average normative trends (p. 23). . . . The significance of any child’s 
behavior must be adjusted in terms of its form and its position in a 
sequential gradient. . . . The purpose is raiher to find his (the child's) 
approximate position in various sequences of development (p. 26). The 
child is his own beat norm (p, 29). 

It is obvious that no book can be written that is at all significant which 
will be understood equally readily by all readers. Most readers who deal 
with children will profit from some of the material but, in the end, there is 
no substitute for intelligence In interpreting and understanding material 
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such AS is found in this volume. The reader will Imvc to be inteUijrcnt 
enough to apply the material to the individual child, since children do 
develop at different rates and since a specific child probably will not develop 
Ijfce other children. 7'hcrc is material here which will be of value even 
to mature readers well-versed in child developniciit* 

Some will object to the amount of repetition. There is a great deal of 
repetition but I believe that it is necessary repetition. It repeats iiuicli of 
the previous volume and It also repeated within itself. This is done by way 
of emphasis and to give clear pictures of different phases of development. 
Some of it is called for by the very structure of the work but many readers 
will want to do some judicious skipping. 

The autliors frequently weaken their presentation by introducing theo¬ 
retical explanations, that is, by explaining some stage of dcvelopincnt as a 
phase of the evolutionary process. The main strength of the work is that it 
is fundamentally a factual presentation and often the phylogenetic explana¬ 
tions do not fit into the picture and confuse the issue rather than clarifying 
it, The volume is at its best when it deals with ontogeny and docs not 
wander afield into phylogeny. 

The render who is already familiar with the philosophy and previous 
works of these writers will not profit from much of the material since it 
will already be familiar to him. This is particularly true for the one wlio 
has read hifanl (tiid Child tn the Gullure of Today, This Is not to he 
‘ taken to mean that the volume is merely a rehashing of the curlier work. 
It is not. The "grow.th gradients” and ‘’maturity traits" for the years 5 
through 9 are new material and they arc made more meaningful by being 
placed in proximity with the gradients which arc repeated from the earlier 
work. 

The significance of the work is beyond question. It has a place in the 
literature, of child development. It is not a textbook, but is fundamentally 
a volume that one will want to read and then keep at hand for reference 
to specific sections as the need arises. 

Soutbioestern Lonisiatia Instittite 
Lafayette^ Louisiana 
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